United States Office of Solid Waste November 1986

Environmental Protection and Emergency Response SW-846
Agency Washington, DC 20460 Third Edition
Solid Waste

Test Methods
for Evaluating Solid Waste

Volume |IA: Laboratory Manual
Physical/Chemical Methods




VOLUME ONE,
SECTION A

Reviston o
Date September 1936




For sale by the Superintendent of Documents, 11.8. Government Printing Office, Washington, D.C. 20402



ABSTRACT

This manual provides test procedures which may be used to evaluate those
properties of a solid waste which determine whether the waste is a hazardous
waste within the definition of Section 3001 of the Resource Conservation and
Recovery Act (PL 94-580). These methods are approved for obtaining data to
satisfy the requirement of 40 CFR Part 261, Identification and Listing of
Hazardous Waste. This manual encompasses methods for collecting
representative samples of solid wastes, and for determining the reactivity,
corrosivity, ignitability, and composition of the waste and the mobility of
toxic species present in the waste.
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PREFACE AND OVERVIEW

PURPOSE OF THE MANUAL

Test Methods for Evaluating Solid Waste (SW-846) is intended to provide a
unified, up-to-date source of information on sampling and analysis related to
compliance with RCRA regulations. It brings together into one reference all
sampling and testing methodology approved by the Office of Solid Waste for use
in implementing the RCRA regulatory program. The manual provides methodology
for collecting and testing representative samples of waste and other materials
to be monitored. Aspects of sampling and testing covered in SW-846 include
quality control, sampling plan development and implementation, analysis of
inorganic and organic constituents, the estimation of intrinsic physical
properties, and the appraisal of waste characteristics.

The procedures described in this manual are meant to be comprehensive and
detailed, coupled with the realization that the problems encountered in
sampling and analytical situations require a certain amount of flexibility.
The solutions to these problems will depend, in part, on the skill, training,
and experience of the analyst. For some situations, it is possible to use
this manual 1in rote fashion. In other situations, it will require a
combination of technical abilities, using the manual as guidance rather than
in a step-by-step, word-by-word fashion. Although this puts an extra burden
on the user, it 1is unavoidable because of the variety of sampling and
analytical conditions found with hazardous wastes.

ORGANIZATION AND FORMAT

This manual is divided into two volumes. Volume I focuses on laboratory
activities and is divided for convenience 1into three sections. Volume IA
deals with quality control, selection of appropriate test methods, and
analytical methods for metallic species. Volume IB consists of methods for
organic analytes. Volume IC 1includes a variety of test methods for
miscellaneous analytes and properties for use in evaluating the waste
characteristics. Volume II deals with sample acquisition and includes quality
control, sampling plan design and implementation, and field sampling methods.
Included for the convenience of sampling personnel are discusssions of the
ground water, land treatment, and incineration monitoring regulations.

Volume I begins with an overview of the quality control precedures to be
imposed upon the sampling and analytical methods. The quality control chapter
(Chapter One) and the methods chapters are interdependent. The analytical
procedures cannot be used without a thorough understanding of the quality
control requirements and the means to implement them. This understanding can
be achieved only be reviewing Chapter One and the analytical methods together.
It is expected that individual 1laboratories, using SW-846 as the reference
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source, will select appropriate methods and develop a standard operating
procedure (SOP) to be followed by the laboratory. The SOP should incorporate
the pertinent information from this manual adopted to the specific needs and.
circumstances of the individual laboratory as well as to the materials to be
evaluated. ' .

The method selection chapter (Chapter Two) presents a comprehensive
discussion of the application of these methods to various matrices in the
determination of groups of analytes or specific analytes. It aids the chemist
in constructing the correct analytical method from the array of procedures
which may cover the matrix/analyte/concentration combination of interests.
The section discusses the objective of the testing program and its
relationship to the choice of an analytical method. Flow charts are presented
along with tables to guide in the selection of the correct analytical
procedures to form the appropriate method. _

The analytical methods are separated into distinct procedures describing
specific, independent analytical operations.. These include extraction,
digestion, cleanup, and determination. This format allows linking of the
various steps in the analysis according to: the type of sample (e.g., water,
soil, sludge, still bottom); analytes(s) of interest; needed sensitivity; and
available analytical instrumentation. The chapters describing Miscellaneous
Test Methods and Properties, however, give complete methods which are not
amenable to such segmentation to form discrete procedures.

The introductory material at the beginning of each section containing
analytical procedures presents 1information on -sample handling and
preservation, safety, and sample preparation.

Part II of Volume I (Chapters Seven and Eight) describes the
characteristics of a waste. Sections following the regulatory descriptions
contain the methods used to determine if the waste is hazardous because it
exhibits a particular characteristic.

Volume II gives background {information on statistical and nonstatistical
aspects of sampling. It also presents practical sampling techniques
appropriate for situations presenting a variety of physical conditions.

A discussion of the regulatory requirements with respect to several
monitoring categories is also given in this volume. These include ground
water monitoring, land treatment, and incineration. The purpose of this
guidance is to orient the user to the objective of the analysis, and to assist
in developing data quality objectives, sampling plans, and laboratory SOP's.

Significant interferences, or other problems, may be encountered with
certain samples. In these situations, the analyst is advised to contact the
Chief, Methods Section (WH-562B) Technical Assessment Branch, Office of Solid
Waste, US EPA, Washington, DC 20460 (202-382-4761) for assistance. The
manual is intended to serve all those with a need to evaluate solid waste.
Your comments, corrections, suggestions, and questions concerning any material
contained in, or omitted from, this manual will be gratefully appreciated.
Please direct your comments to the above address.
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CHAPTER ONE

QUALITY CONTROL
1.1 INTRODUCTION

Appropriate use of data generated under the great range of analytical
conditions encountered in RCRA analyses requires reliance on the quality
control practices 1incorporated into the methods and procedures. The
Environmental Protection Agency generally requires using approved methods for
sampling and analysis operations fulfilling regulatory requirements, but the
mere approval of these methods does not guarantee adequate results.
Inaccuracies can result from many causes, including unanticipated matrix
effects, equipment malfunctions, and operator error. Therefore, the quality
control component of each method is indispensable.

The data acquired from quality control procedures are used to estimate
and evaluate the information content of analytical data and to determine the
necessity or the effect of corrective action procedures. The means used to
estimate information content include precision, accuracy, detection 1imit, and
other quantifiable and qualitative indicators.

1.1.1 Purpose of this Chapter

This chapter defines the quality control procedures and components that
are mandatory 1in the performance of analyses, and indicates the quality
control information which must be generated with the analytical data. Certain
activities in an integrated program to generate quality data can be classified

as management (QA) and other as functional (QC). The presentation given here
is an overview of such a program.

The following sections discuss some minimum standards for QA/QC programs.
The chapter i1s not a guide to constructing quality assurance project plans,
quality control programs, or a quality assurance organization. Generators who
are choosing contractors to perform sampling or analytical work, however,
should make their choice only after evaluating the contractor's QA/QC program
agafnst the procedures presented in these sections. Likewise, laboratories

that sample and/or analyze solid wastes should similarily evaluate their QA/QC
programs.

Most of the laboratories who will wuse this manual also carry out testing
other than that called for in SW-846. Indeed, many user laboratories have
multiple mandates, including analyses of drinking water, wastewater, air and
industrial hygiene samples, and process samples. These laboratories will, in
most cases, already operate under an organizational structure that includes
QA/QC. Regardless of the extent and history of their programs, the users of
this manual should consider the development, status, and effectiveness of
their QA/QC program in carrying out the testing described here.
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1.1.2 Program Design

The initial step for any sampling or analytical work should be strictly
to define the program goals. Once the goals have been defined, a program must
be designed to meet them. QA and QC measures will be used to monitor the
program and to ensure that all data generated are suitable for their intended
use. The responsibility of ensuring that the QA/QC measures are properly
employed must be assigned to a knowledgeable person who is not directly
involved in the sampling or analysis.

One approach that has been found to provide a useful structure for a
QA/QC program is the preparation of both general program plans and project-
specific QA/QC plans. '

The program plan for a laboratory sets up basic laboratory policies,
including QA/QC, and may 1include standard operating procedures for specific
tests. The program plan serves as an operational charter for the laboratory,
defining its purposes, its organization and 1its operating principles. Thus,
it 1s an orderly assemblage of management policies, objectives, principles,
.and general procedures describing how. an agency or ‘laboratory intends to
produce data of known and accepted quality. The elements of a program plan
and its preparation are described in QAMS-004/80.

Project-specific QA/QC plans differ from program plans in that specific
details of a particular sampling/analysis program are addressed. For example,
a program plan might state that . all analyzers will be calibrated according to
a specific protocol given in written standard operating procedures for the
laboratory (SOP), while a project plan . would state that a particular protocol
will be used to calibrate the analyzer for a specific set of analyses that
have been defined in the plan. The project plan draws on the program plan or
its basic structure and applies this management approach to specific
determinations. A given agency or laboratory would have only one quality
assurance program plan, but would have a quality assurance project plan for
each of its projects. The elements of a project plan and its preparation are
described in QAMS/005/80 and are listed in Figure 1-1.

Some organizations may find 1t inconvenient or .even unnecessary to
prepare a new project plan for each new set of analyses, especially analytical
laboratories which receive numerous batches of samples from various customers
within and outside their organizations. For these organizations, it is
especially important that adequate QA management structures exist and that any
procedures used exist as standard operating procedures (SOP), written
documents which detail an operation, analysis or action whose mechanisms are
thoroughly prescribed and which 1is commonly accepted as the method for
performing certain routine or repetitive tasks. Having copies of SW-846 and
all its referenced documents in one's Tlaboratory 1is not a substitute for
having in-house versions of the methods written to conform to specific
instrumentation, data needs, and data quality requirements.
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FIGURE 1-1
ESSENTIAL ELEMENTS OF A QA PROJECT PLAN
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1.1.3 Organization and Responsibility

As part of any measurement program, activities for the data generators,
data reviewers/approvers, and data users/requestors must be clearly defined.
While the specific titles of these individuals will vary among agencies and
laboratories, the most basic structure will 1include at 1least one
representative of each of these three types. The data generator is typically
the individual who carries out the analyses at the direction of the data
user/requestor or a designate within or outside the laboratory. The data
reviewer/approver is responsible for ensuring that the data produced by the
data generator meet agreed-upon specifications.

Responsibility for data review 1is sometimes assigned to a "Quality
Assurance Officer" or "QA Manager." This 1individual has broad authority to
approve or disapprove project plans, specific analyses and final reports. The
QA Officer is independent from the data generation activities. In general,
the QA Officer is responsible for reviewing and advising on all aspects of
QA/QC, including:

Assisting the data requestor in specifying the QA/QC procedure to be used
during the program;

Making on-site evaluations and submitting audit samples to assist in
reviewing QA/QC procedures; and,

f problems are detected, making recommendations to the data requestor and

upper corporate/institutional management to ensure that appropriate
corrective actions are taken. :

In programs where large and complex amounts of data are generated from
both field and Tlaboratory activities, - it 1is helpful to designate sampling

monitors, analysis monitors, and quality control/data monitors to assist in
carrying out the program or project.

The samp]ing monitor is responsible for field activities. These include:

Determining (with the analysis monitor) appropriate sampling equipment
and sample containers to minimize contamination;

Ensuring that samples are collected, preserved, and transported as
specified in the workplan; and

Checking that all sample documentation (labels, field notebooks, chain-
of-custody records, packing 1lists) 1s correct and transmitting that
information, along with the samples, to the analytical laboratory.

The analysis monitor is responsible for 1laboratory activities. These
1nc1ude-

Training and qualifying personnel in specified laboratory QC and
ana]ytical procedures, prior to receiving samples;
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Receiving samples from the field and verifying that incoming samples
correspond to the packing 1ist or chain-of-custody sheet; and

Verifying that laboratory QC and analytical procedures are being followed
as specified in the workplan, reviewing sample and QC data during the
course of analyses, and, 1if questionable data exist, determining which
repeat samples or analyses are needed.

The quality control and data monitor is responsible for QC actlvities and
data management. These include:

Maintaining records of all incoming samples, -tracking those samples
through  subsequent processing and analysis, and, ultimately,

appropriately disposing of those samples at the conclusion of the
program;

Preparing quality control samples for analysis prior to and during the
program;

Preparing QC and sample data for review by the analysis coordinator and
the program manager; and

Preparing QC and sample data for transmission and entry into a computer
data base, if appropriate.

1.1.4 Performance and Systems Audits

The QA Officer may carry out performance and/or systems audits to ensure
that data of known and defensible quality are produced during a program,.

Systems audits are qualitative evaluations of all components of field and
laboratory quality control measurement systems. They determine 1if the
measurement systems are being used appropriately.. The audits may be carried
out before all systems are operational, during the program, or after the
completion of the program. Such audits typically involve a comparison of the
activities given in the QA/QC plan with those actually scheduled or performed.
A special type of systems audit 1is the data management audit. This audit
addresses only data collection and management activities.

The performance audit is a quantitative evaluation of the measurement
systems of a program. It requires testing the measurement systems with
samples of known composition or behavior to evaluate precision and accuracy.
The performance audit is carried out by or under the auspices of the QA
Officer without the knowledge of the analysts. Since this 1is seldom
achievable, many variations are used that increase the awareness of the
analyst as to the nature of the audit material.
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1.1.5 Corrective Action

Corrective action procedures should be addressed in the program plan,
project, or SOP. These should include the following elements:

The EPA predetermined 1imits  for data acceptab111ty beyond which
corrective action is required;

Procedures for corrective action; and,

For each measurement system, identification of the individual responsible

for 1nit1at1ng the corrective action and the individual responsible for

approving the -corrective action, if necessary.

The need for corrective action may be identified by system or performance
audits or by standard QC procedures. The essential steps in the corrective
action system are:

Identification and definition of the problem;

Assignment of responsibility for 1nvestigat1ng the problem;

Investigation and determination of the cause of the problem;

Determ1nation of a corrective action to eliminate the problem;

Assigning. and accepting responsibility for implementing the corrective
. action;

Implementing the corrective action and evaluating its effectiveness; and
Verifying that the corrective action has eliminated the problem.

The QA officer shou]d‘ ensure' that these steps are taken and that the
problem which led to the corrective action has been resolved.

1.1.6 QA/QC Reporting to Mgnggement

QA Project Program or Plans -should provide a mechanism for periodic
reporting to management (or to the data user) on the performance of the

measurement system and the -data quality. Minimally, these reports should
include:

Periodic assessment of measurement quality indicators, i.e., data
accuracy, precision and completeness;

.Resu1ts of performance audits;
'Resnlts of system audits; and

Significant QA problems and recommended solutions.
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The dindividual responsible within the organization structure for
preparing the periodic reports should be identified in the organizational or
management plan. The final report for each project should also include a

separate QA section which summarizes data quality information contained in the
periodic reports.

Other guidance on quality assurance management and organizations is

available from the Agency and professional organizations such as ASTM, AOAC,
APHA and FDA.

1.1.7 Quality Control Program for the Analysis of RCRA Samples

An analytical quality control program develops information which can be
used to:

Evaluate the accuracy and precision of analytical data in order to
establish the quality of the data;

Provide an indication of the need for corrective actions, when comparison
with existing regulatory or program criteria or data trends shows that
activities must be changed or monitored to a different degree; and

To determine the effect of corrective actions.

1.1.8 Definitions

ACCURACY: Accuracy means the nearness of a result or the mean (X) of
a set o¥ results to the true value. Accuracy is assessed
by means of reference samples and percent recoveries.

ANALYTICAL BATCH: The basic unit for analytical quality control 1is the
analytical batch, The analytical batch is defined as
samples which are analyzed together with the same method
sequence and the same Tlots of reagents and with the
manipulations common to each sample within the same time
period or in continuous sequential time periods. Samples
in each batch should be of similar composition.

BLANK: A blank is an artificial sample designed to monitor the
introduction of artifacts 1into the process. For aqueous
samples, reagent water is used as a blank matrix; however,
a universal blank matrix does not exist for solid samples,
and therefore, no matrix is used. The blank is taken
through the appropriate steps of the process.

A reagent blank is an aliquot of analyte-free water or
solvent analyzed with the analytical batch. Field blanks
are aliquots of analyte-free water or solvents brought to
the field in sealed containers and transported back to the
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CALIBRATION
CHECK:

CHECK SAMPLE:

ENVIRONMENTAL
SAMPLE:

laboratory with the sample containers. Trip blanks and
equipment blanks are two specific types of field blanks.
Trip blanks are not opened in the field. They are a check
on sample contamination originating from sample transport,
shipping and from site conditions. Equipment blanks are
opened in the field and the contents are poured
appropriately over or through the sample collection device,
collected in a sample container, and returned to the
laboratory as a sample. Equipment blanks are a check on
sampling device cleanliness.

Verification of the ratio of instrument response to analyte
amount, a calibration check, is done by analyzing for
analyte standards in an appropriate solvent. Calibration
check solutions are made from a stock solution which is
different from the stock used to prepare standards.

A blank which has been spiked with the analyte(s) from an
independent source in order to monitor the execution of the
analytical method is called a check sample. The level of .
the spike shall be at the regulatory action level when
applicable. Otherwise, the spike shall be at 5 times the
estimate of the quantification 1limit. The matrix used
shall be phase matched with the samples and well
characterized: for an example, reagent grade water is
appropriate for an aqueous sample.

An environmental sample or field sample is a representative
sample of any material (aqueous, nonaqueous, or multimedia)
collected from any source for which determination of
composition or contamination is requested or required. For

the purposes of this manual, environmental samples shall be
classified as follows:

Surface Water and Ground Water;

Drinking Water -- delivered (treated or untreated) water
designated as potable water;

Water/Wastewater -- raw source waters for public drinking
water supplies, ground waters, municipal influents/
effluents, and industrial influents/effluents:

Sludge -- municipal sludges and industrial sludges;

Waste -- aqueous and nonaqueous 1liquid wastes, chemical
solids, contaminated soils, and 1ndustr1a1 11qu1d and solid
wastes.
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MATRIX/SPIKE-
DUPLICATE
ANALYSIS:

MQL:

PRECISION:

PQL:

RCRA:
REAGENT GRADE:

REPLICATE SAMPLE:

STANDARD CURVE:

SURROGATE:

In matrix/spike duplicate analysis, predetermined quanti-
ties of stock solutions of certain analytes are added to a
added to a sample matrix prior to sample extraction/
digestion and analysis. Samples are split into duplicates,
spiked and analyzed. Percent recoveries are calculated for
each of the analytes detected. The relative percent
difference between the samples is calculated and used to
assess analytical precision. The concentration of the
spike should be at the regulatory standard level or the
estimated or actual method quantification 1imit. When the
concentration of the analyte in the sample is greater than
0.1%, no spike of the analyte is necessary.

The method quantification 1imit (MQL) s the minimum
concentration of a substance that can be measured and
reported.

Precision means the measurement of agreement of a set of
replicate results among themselves without assumption of
any prior information as to the true result. Precision is
assessed by means of duplicate/replicate sample analysis.

The practical quantitation 1imit (PQL) is the lowest level
that can be reliably achieved within specified 1imits of

precision and accuracy during routine laboratory operating
conditions.

The Resource Conservation and Recovery Act.

Analytical reagent (AR) grade, ACS reagent grade, and
reagent grade are synonomous terms for reagents which
conform to the current specifications of the Committee on
Analytical Reagents of the American Chemical Society.

A replicate sample 1is a sample prepared by dividing a
sample into two or more separate aliquots. Duplicate
samples are considered to be two replicates.

A standard curve is a curve which plots concentrations of

known analyte standard versus the instrument response to
the analyte.

. Surrogates are organic compounds which are similar to

analytes of interest 1in chemical composition, extraction,
and chromatography, but which are not normally found in
environmental samples. These compounds are spiked into all
blanks, standards, samples and spiked samples prior to

analysis. Percent recoveries are ' calculated for each
surrogate.
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WATER: Reagent, analyte-free, or laboratory pure water means
distiTTed or defonized water or Type II reagent water which
is free of contaminants that may {interfere with the
analytical test in question.

1.2 QUALITY CONTROL

The procedures indicated below are to be performed for all analyses.
Specific 1instructions relevant to particular analyses are given in the
pertinent analytical procedures.

1.2.1 Field Quality Control

The sampling component of the Quality Assurance Project P]an (QAPP) shall
include:

Reference to or incorporation of accepted samp]inﬁ ‘techniques in the
sampling plan;

Procedures for documenting and justifying any field actions contrary to
the QAPP;

Documentation of all pre- f1e1d activities such as equ1pmentecheck-out,
calibrations, and container storage and preparation

zDocumentation of field measurement quality contro] data (quality control
procedures for such measurements shall be equivalent to corresponding
laboratory QC procedures); . -

Documentation of field activities;

Documentation of post-field activities including sample shipment and
receipt, field team de-briefing and equipment check-in;

Generation of quality control samples including duplicate samples, field
blanks, equipment blanks, and trip blanks; and

The use of these samples .in the context of data evaluation, with details
of the methods employed (including statistical methods) and of the
criteria upon which the information generated will be judged.

1.2.2 Analytical Quality Control

A quality control operation or component 1is only useful if it can be
measured or documented. The following components of analytical quality
control are related to the analytical batch. The procedures described are
intended to be applied to chemical analytical procedures; although the
principles are applicable to radio-chemical or biological analysis, the
procedures may not be directly applicable to such techniques.

i
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A1l quality control data and records required by this section shall be
retained by the laboratory and shall be made available to the data requestor
as appropriate. The frequencies of these procedures shall be as stated below
or at least once with each analytical batch.

1.2.2.1 Spikes, Blanks and Duplicates

General Requirements

These procedures shall be performed at least once with each analytical
batch with a minimum of once per twenty samples.

1.2.2.1.1 Duplicate Spike

A split/spiked field sample shall be analyzed with every analytical batch
or once in twenty samples, whichever 1is the greater frequency. Analytes
stipulated by the analytical method, by applicable regulations, or by other
specific requirements must be spiked into the sample. Selection of the sample
to be spiked and/or split depends on the information required and the variety
of conditions within a typical matrix. In some situations, requirements of
the site being sampled may dictate that the sampling team select a sample to
be spiked and split based on a pre-visit evaluation or the on-site inspection.
This does not preclude the laboratory's spiking a sample of its own selection
as well, In other situations the laboratory may select the appropriate
sample. The Tlaboratory's selection should be guided by the objective of
spiking, which is to determine the extent of matrix bias or interference on
analyte recovery and sample-to-sample precision. For soil/sediment samples,
spiking is performed at approximately 3 ppm and, therefore, compounds in
excess of this concentration in the sample may cause interferences for the
determination of the spiked analytes.

1.2.2.1.2 Blanks

Each batch shall be accompanied by a reagent blank. The reagent blank
shall be carried through the entire analytical procedure.

1.2.2.1.3 Field Samples/Surrogate Compounds

Every blank, standard, and environmental sample (including matrix
spike/matrix duplicate samples) shall be spiked with surrogate compounds prior
to purging or extraction. Surrogates shall be spiked into samples according
to the appropriate analytical methods. Surrogate spike recoveries shall fall
within the control 1imits set by the laboratory (in accordance with procedures
specified in the method or within +20%) for samples falling within the
quantification limits without dilution. Dilution of samples to bring the
analyte concentration into the linear range of calibration may dilute the
surrogates below the quantification 1limit; evaluation of analytical quality

then will rely on the quality control embodied in the check, spiked and
duplicate spiked samples.
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1.2.2.1.4 Check Sample

Each analytical batch- shall contain a check sample. The analytes
employed shall be a representative subset of the analytes to be determined.
The concentrations of these analytes shall approach the estimated
quantification 1imit in the matrix of the check sample. In particular, check

samples for metallic analytes shall be matched to field samples in phase and
in general matrix composition.. - ‘

1.2.2.2 C(Clean-Ups

Quality control procedures described here are intended for adsorbent
chromatography and back extractions applied to organic extracts. A1l batches
of adsorbents (Florisil, alumina, silica gel, etc.) prepared for use shall be
checked for analyte recovery by running the elution pattern with standards as
a column check. The elution pattern- shall be optimized for maximum recovery
of analytes and maximum rejection of contaminants. .

1.2.2.2.1 Cd]umn Check Sample

The elution pattern shall be reconfirmed with a column check of standard
compounds after activating or deactivating a batch of adsorbent. These
compounds shall be representative of each elution fraction. Recovery as
specified in the methods is considered an acceptable column check. A result

lower than specified indicates that the procedure is not acceptable or has
been misapplied.

_V1.2.2.2a2 Column Check Sample B]ank

" The check blank shall be run after activating or deactivating a batch of
adsorbent. . .

1.2.2.3 Determinations

1.2.2.3.1 Instrument Adjustment: Tuning, Alignment, etc.

Requirements and procedures are 1instrument- and method-specific.
Analytical instrumentation shall be tuned and aligned 1in accordance with
requirements which are specific to- the instrumentation procedures employed.
Individual determinative procedures shall be consulted. Criteria for initial
conditions and for continuing confirmation conditions for methods within this
manual are found in the appropriate procedures.

1.2.2.3.2 Calibration

Analytical instrumentation shall be calibrated in accordance with
requirements which are specific to the instrumentation and procedures
employed. Introductory Methods 7000 and 8000 and appropriate analytical

procedures shall be consulted for criteria for initial and continuing
calibration. '
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1.2.2.3.3 Additional QC Requirements for Inorganic Analysis

Standard curves used in the determination of inorganic analytes shall be
prepared as follows:

Standard curves derived from data consisting of one reagent blank and
four concentrations shall be prepared for each analyte. The response for each
prepared standard shall be based upon the average of three replicate readings
of each standard. The standard curve shall be used with each subsequent
analysis provided that the standard curve 1is verified by using at least one
reagent blank and one standard at a level normally encountered or expected in
such samples. The response for each standard shall be based upon the average
of three replicate readings of the standard. If the results of the
verification are not within +10% of the original curve, a new standard shall
be prepared and analyzed. If the results of the second verification are not
within +10% of the original standard curve, a reference standard should be
employed to determine if the discrepancy {s with the standard or with the
instrument. New standards should also be prepared on a quarterly basis at a
minimum. A1l data used in drawing or describing the curve shall be so

indicated on the curve or 1its description. A record shall be made of the
verification.

Standard deviations and relative standard deviations shall be calculated
for the percent recovery of analytes from the spiked sample duplicates and

from the check samples. These values shall be established for the twenty most
recent determinations in each category.

1.2.2.3.4 Additional Quality Control Requirements for
Organic Analysis

The following requirements shall be applied to the analysis of samples by

gas chromatography, 1liquid chromatography and gas chromatography/mass
spectrometry.

The calibration of each instrument shall be verified at frequencies

specified in the methods. A new standard curve must be prepared as specified
in the methods. '

The tune of each GC/MS system used for the determination of organic
analytes shall be checked with 4-bromofluorobenzene (BFB) for determinations
of volatiles and with decafluorotriphenylphosphine (DFTPP) for determinations
of semi-volatiles. The required 1ion abundance criteria shall be met before
determination of any analytes. If the system does not meet the required
specification for one or more of the required ions, the instrument must be
retuned and rechecked before proceeding with sample analysis. The tune
performance check criteria must be achieved daily or for each 12 hour
operating period, whichever is more frequent.

Background subtraction should be straightforward and designed only to
eliminate column bleed or instrument background ions. Background subtraction
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actions resulting in spectral distortions for the sole purpose of meeting
special requirements are contrary to the objectives of Quality Assurance and
are unacceptable.

For determinations by HPLC or GC, the instrument calibration shall be
verified as specified in the methods. ' .

1.2.2.3.5 Identification

_ Identification of all analytes must be accomplished with an authentic
standard of the analyte. When authentic standards are not available,
identification is tentative. :

For gas chromatographic determinations of specific analytes, the relative
retention time of the unknown must be compared with that of an authentic
standard. For compound confirmation, a sample and standard shall be re-
analyzed on a column of different selectivity to obtain a second
characteristic relative retention time. Peaks must elute within daily
retention time windows to be declared a tentative or confirmed identification.

For gas chromatographic/mass spectrometric ~determinations . of specific
analytes, the spectrum of the analyte should conform to a 1literature
representation of the spectrum or to a spectrum of the authentic standard
obtained after satisfactory tuning of the mass spectrometer and within the
same twelve-hour working shift as the analytical spectrum. The appropriate
analytical methods should be consulted for specific criteria for matching the

mass spectra, relative response factors, and relative retention times to those
of authentic standards.

1.2.2.3.6 Quantification

The procedures for quantification of analytes are discussed 1in the

appropriate general procedures (7000, 8000) and the specific analytical
methods.

In some situations in the course of determining metal analytes, matrix-
matched calibration standards may be required. These standards shall be
composed of the pure reagent, approximation of the matrix, and reagent
addition of major interferents in the samples. This will be stipulated in the
procedures.

Estimation of the concentration of an organic compound not contained
within the calibration standard may be accomplished by comparing mass spectral
response of the compound with that of an internal standard The procedure 1is
specified in the methods. .
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1.3 DETECTION LIMIT AND QUANTIFICATION LIMIT

The detection 1limit and quantification 1imit of analytes shall be
evaluated by determining the noise level of response for each sample in the
batch. If analyte is present, the noise level adjacent in retention time to
the analyte peak may be used. For wave-length dispersive instrumentation,
multiple determinations of digestates with no detectable analyte may be used
to establish the noise level. The method of standard additions should then be
used to determine the calibration curve using one digestate or extracted
sample in which the analyte was not detected. The slope of the calibration
curve, m, should be calculated using the fol]owing relations:

m = slope of calibration line

Sg = standard deviation of the average noise level
MDL = KSg/m

For K = 3; MDL = method detection limit.

For K = 5; MQL = method quantitation limit.

1.4 DATA REPORTING

The requirement of reporting analytical results on a wet-weight or a dry-
weight basis is dictated by factors such as: sample matrix; program or
regulatory requirement; and objectives of the amalysis.

Analytical results shall be reported with the percent moisture or percent
solid content of the sample.

1.5 QUALITY CONTROL DOCUMENTATION

The following sections 1ist the QC documentation which comprises the
compliete analytical package. This package should be obtained from the data
generator upon request. These forms, or adaptations of these forms, shall be
used by the data generator/reportor for inorganics (I), or for organics (0) or
both (I/0) types of determinations.

1.5.1 Analytical Results (I/0: Form I)

Analyte concentration.

Sample weight.

Percent water (for non-aqueous samples when specified).
Final volume of extract or diluted sample.

Holding times (I: Form X).
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1.5.2 Calibration (I: Form II; O: Form V, VI, VII, IX)

Calibration curve or coefficients of the 1linear equation which
describes the calibration curve.

Correlation coefficient of the linear calibration.
Concentration/response data (or relative response data) of the
calibration check standards, along with dates on which they were
analytically determined.

1.5.3 Column Check (0: Form X)

Results of column chromatography check, with the chromatogram.

1.5.4 Extraction/Digestion (I/0: Form I)

Date of the extraction for each sample.
1.5.5 Surrogates (0: Form II)
Amount of surrogate spiked, and percent recovery of each surrogate.

1.5.6 Matrix/Duplicate Spikes (I: Form V, VI; O: Form III)

Amount spiked, percent recovery, and relative percent difference for
each compound in the spiked samples for the analytical batch.

1.5.7 Check Sample (I: Form VII; O: Form VIII)

Amount spiked, and percent recovery of each compound spiked.
1.5.8 Blank (I: Form III; O: Form IV)
Identity and amount of each constituent..

1.5.9 Chromatograms (for organic analysis)

A1l chromatograms for reported results, properly labeled with:
- Sample identification
- Method identification

- Identification of retention time of analyte on the chromatograms.
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1.5.10 Quantitative Chromatogram Report (0: Forms VIII, IX, X)

Retention time of analyte.

Amount injected.

Area of appropriate calculation of detection response.
Amount of analyte found.

Date and time of injection.

1.5.11 Mass Spectrum

Spectra of standards generated from authentic standards (one for
each report for each compound detected).

Spectra of analytes from actual analyses.

Spectrometer identifier.

1.5.12 Metal Interference Check Sample Results (I: Form IV)

1.5.13 Detection Limit (I: Form VII; O: Form I)

Analyte detection limits with methods of estimation.
1.5.14 Results of Standard Additions (I: Form VIII)

1.5.15 Results of Serial Dilutions (I: Form IX)

1.5.16 Instrument Detection Limits (I: Form XI)

1.5.17 ICP Interelement Correction Factors and ICP Linear Ranges
(when applicable) (I: Form XII, Form XIII).

1.6 REFERENCES

1. Guidelines and Specifications for Preparing Quality Assurance Program
Plans, September 20, 1980, Office of Monitoring Systems and Quality Assurance,
ORD, U.S. EPA, QAMS-004/80, Washington, DC 20460.

2. Interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans, December 29, 1980, Office of Monitoring Systems and Quality
Assurance, ORD, U.S. EPA, QAMS-005/80, Washington, DC 20460.
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Lab lame
| Ho. Q.C. Report. No.
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LAB NAME

Form 1

| Sample No.

Date

INORGANIC ANALYSIS DATA SHEET
CASE NO.

LAk SAMPLE 1b. NoU.

Matrix: Water

1. Aluminum

Lab Receipt Date

QC REPORT NO.

Llements ldentified and Measured

Soil Sludge Uther

ug/L or mg/kg dry weight (Circle One)

13. Magnesiuc

2. Antimonv

14. Manganese

3. Arsenic

15. Mercury

4. Barium

16. Nickel

5. Beryllium

17. Potassium

6. Cadmium

ls. Selenium

7. Calcium

19. Silver

8. Chromium

2u. Sodium

9. Cobalt

21. Thallium

10. Copper

22. Vanédium

11. Iron

23. 2inc

12. Lead

Precent Solids (%)

Cyanide

Comments:

Lab Manager
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Form 11
Q. C. Report No.
INITIAL AND CONTINUING CALIBRATIUN VERIFICATION

LAB NAME " CASE NO.

DATE ‘ - , © UNITS: . ug/L

Compound ~ Initial Calib.! Continuing CalibrationZ -

Metals: [True Value| Found | ZR [[True Value| Found | %R | Found | %k f[[Method%]

1. Aluminum

2. Ahtimony

3. Arsenic

‘4. Barium

5. Beryllium

b. Cadmium

7. Calcium

8. Chromium

Y. Cobalt
10. Copper
1l1. 1Iron
12. Lead

.13, Magﬂésium
14. Manganese

15. HFHercury

lo. Nickel | - ' . !

17. Potassiunm| '

18, Selenium | | — : l

1¥. Silver ] . . !

20. Sodium | 1 | | |

Z1. Thallium | 1 11l 1

22. Vanadium | l ' 'i | !: il 1

23. zine | J_ | | | [ ll 1

Uther: l l ]' l ' f ll AL
LU l 1 |

Cyanide | l l | . : ; ll l

! Initial Calibration Source o 2 Continuing Calibratioh Source .

ﬁ Indicate Analytical Method Used: P - 1CP; A - Flame AA; F - Furnace AA
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Form I11
Q. C. Report No.
: _ . BLANKS -
LAB NAME : CASE NO.

DATE ' UNITS

Initial Continuing Calibration Preparation Blank
Calibration Blank Value Matrix: |Matrix:
Compound Blank Value 1 2 3 4

i 2

—amaech.- R R — o e i @ e

Metals:

l. Aluminum

2. Antimony

3. Arsenic

4. Barium

5. Beryllium

6. .Cadmium

7. Calcium

8. Chromium
9. Cobalt
10, Copper

1l. Iron
12. Lead

13, Magnesium

14. Manganese

15. Mercury
l16. Nickel

17. Potassium

18. Selenium
19. Silver
2U. Sodium
21. Thallium

22. Vanadium

23. Zinc

Other:

Cyanide :
I Reporting Units: aqueous, ug/L; solid my/kg
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LAB

DATE

Compound

NAME

Form IV

Q. C. Report No.
ICP INTERFERENCL CHECK SAMPLE

CASE NO.
Check Sample 1.D.

Check Sample Source

Units:

ug/L

‘Control Limits!

Mean

- wwrrde s aar

Std. Dev.

True

2

Initial

Observed

%R

Final
Observed

Metals:

l. Aluminum’

2, Antimony

3. Arsenic

4, Barium:

5. Beryllium

6. Cadmium

7. Calcium

8. Chromiﬁm'

9. Cobalt

10. Copper-

11. Iron

12. Lead

13. Maghesium'v

14. Manganese

15. Mercury

16. Nickel

17. Potassium

1. Selenium

19. Silver

20. Sodium

21. Thallium

22. Vanadium

23. Zinc

Uther:

1

Mcan value based on n = .

2 True value of EPA ICP Interference Check Sample or contractor standard.
ONE - 22 L
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LAB NAME

Form V
Q. C. Report No.

SPIKE SAMPLE RECOVERY

DATE

Matrix

CASE NO.

Sample No.
Lab Sample ID No.

Units

Compound

Control Limit

Spiked Sample

AR

Result (SSR)

Sample
Result (SR)

Spiked
Added (SA)

Metals:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12,
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.

Other:

Aluminum

Antimonv

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron
Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thalliur

Vanadium

Zinc

Cyanide

l 3R = [(SSR - SR)/SA}] x 100

“N"- out of control

“NR" - Not required

Comments:

ONE — 23
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Form VI
Q. C. Report No.

DUPLICATES
LAB NAME ) CASE NO.
: Sample No.
DATE Lab Sample 1D No.
' Units '
Matrix
- Compound ~ Control Limit! Sample(S) Duplicate(D) RPDZ

Metals:
l. Aluminum

2, Antimony

3. Arsenic

4. Barium

S. Beryllium
6. Cadmiunm

7. Calcium

8. Chromium
9. Cobalt
10. Copﬁer

1l. Iron
12, Lead

13. Magnesium

14, Manganese

" 15." Mercury
16. Nickel .

17{ Potassium

" 18. Selenium
19. Silver _
20. Sodium .
21. Thallium

.22. Vanadium
23. Zinc
Other:

Cyanide

* Out of Control

| To be added at a later date. - 2 RPD = [|S - D|/((S + D)/2)) x 100

NC ~ Non calculable KPD due to value(s) less than CRDL
ONE - 24
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LAB NAML

Form V11l
Q.C. Report No.
INSTRUMENT DETECTION LIMITS ARD
LABORATORY CONTROL SAMPLE
CASE NoO.

DATL

LCS Lo,

Comgound

Required Detection lnstrument Detection

Limits (CRDL)-ug/} Limits (IDL)-ug/l~

ICP/aA Furnace‘

1p# 1D#

Lab Control Sample

_ug/L

wg/kg

(circle one)

True

Found

R

lletals:

1.
2.
3.
.
5.
6.
7.

15.
16.
17.
18.
19.

20..

21.
22.
23.

Other:

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmiunm

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

ilanganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

{yanide

IR

NR

NE = Kot required

ONE = 25
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LAB NAME

Form V111
Q.C. Report No.
STANDARD ADDITION KESULTS

CASE NO.

DATL

UNITS 7 - uwg/L

EPA

Sample #|tlement |Matrix | ABS. | CON.[ABSZ | CON.]ABS.Z | CON.JAES.Z | con.3

samwanmsw sPamasspw

0 ADD 1 ADD 2 ADD 3 ADY FIRAL

o= = =W W e easwwwhaasunicns s e Rehoses

r*

*

+

Culv is the concentra
concentration.

- Concentration as det

tion added, ABS. is the instrument readout in absorbance or

ermined by }NSA

“r” is the correlation coefticient.

- correlation coeffi

cient is Qutsidc of control window of U.YY5.

ONE — 26 .
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Form IX
Q. C. Report No.
1CP SERIAL DILUTIONS

LAB NAME CASE NO.
Sample No.
DATE Lab Sample ID No.

Units.t ug/L

Matrix
Compound Initial Saople Serial Dilution’ % Difference?
Concentration(1l) Result (S)
Metals:

. Aluminum

2, Antimony

3. Arsenic

4, Barium

5. Berylliuc

6. Cadmium

7. Calcium

8. Chromium

Y. Cobalt

10. Copper

11. 1lron

‘

12. Lead

13. Magnesium

14. Manganese

15. Nickel

lb. Potassium

17. Selenium

ls. Silver

1Y. Sodium

2U. Thallium

Zl. Vanadium

22. Zinc

Other:

! bituted sample concentration corrected for l:4 dilution (see Exhibit D)
¢ Percent Uifference = 11 =S x juu

1
NK - Mot Kequired, initial sample concentration less than lU times IUL
NA - Not Applicable, analyte not determined by lICP

ONE - 27
Revision 0
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LAB NAME

Form X
QC Report No.

HOLDING TIMES

DATE CASE Nu.
LPA Date Mercury Mercury CN Prep CN )
Sample No.| Matrix Received Prep Date |Holding Time 1 Date Holding Time !
“(Days) (Days)

|

lpolding time is detined as number of days between the date rec

sample preparation date.

ONE - 28
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Fora XI

INSTRUMENT DETECTION LIMITS

LAB NAME DATE
ICP/Flame AA (Circle One) Model Number Furnace AA Number
Element Wavelength IDL Element ‘Wavelength 1DL
(nm) (ug/L) (no) (ug/L)
l. Aluminum 13. Magnesium
2. Antimony 14, Manganese
3. Arsenic 15. Mercury
4, Barium j 16. Nickel
5. Beryllium 17. Potassium’
| 6. Cadmium 18, Selenium
| 7. Calcium 19. Silver
8. Chromium 20. Sodium
Y. Cobalt 2}. Thallium
1V0. Copper 22. Vanadium
11. Iron | 23. Zinc |
12. Lead J

Footnotes: e Indicate the instrument for which the IDL applies with a
an "A" (for Flame AA), or an

CUMMENTS @

“P" (for ICP

“"F" (for Furnace AA) behind the ILL valu

e Indicate elements commonly run with background correction (AA) with
a "B" behind the analytical wavelength.

e If more than one 1CP/Flame or Furnace AA is used, submit separate
Forms XI-X111 for each instrument.

ONE - 29
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LABORATORY
DATE

Form XII

ICP Interelement Correction Factors

ICP Model Number

Interelement Correction
for

Factors

Analyte

AnalyteA
Wavelength

(nz)

Al Ca Fe Mg

10,
11,
12.
13.
14.
15.
6.
17.
18,

1.

COMMENTS :

Antimonv

Arsenic

Barium

Beryllium

Cadmiurz

Chrorium

"Cobalt

Copper

Lead

Manganese

Mercury

Nickel

Potassium

Seleniuo

Silver

Sodium

Thallium

Vanadium

Zinc

Lab Manager

ONE - 30
Revision
Date Sept
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. Form X11

1CP Interelement Correction Factors

LABORATORY ICP Model Number

DATE

Interelement Correction Factors
for

Analyte
Analyte Wavelength
. (nm)

1. Antimony

2. Arsenic

3. Barium

4. Beryllium

5. Cadmium

6. Chromium

7. Cobalt

8. Copper

9. Lead

10. Manganese

11. Mercury

12. Nickel

13. Potassium

14. Selenium

15. Silver

16. Sodium

17. Thallium

18. Vanadium

19. Zinc | | | ] ]

COMMENTS :

Lab Manager

ONE - 31
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Form XIII
ICP Linear Ranges

LAB NAME L 1CP Model Number
DATE |
' integration Concen- : Integration Concen-
. Analyte Time tration Analyte ‘ Time tration
(Seconds) (ug/L) ’. (Seconds) (ug/L)
1. Aluminum ) | 13. Magnesium
2. Antimony | | 14. Maggangse
3. A;senic 15, Mercury
4. Barium _ 16. Nickel . |
LS. Beryllium| - ' i7. Potassium
6. Cadmium B ‘ 18. Selenium
7. CglciQm | , 19. Silver
.8. Chromium | | | 26. Sodium
9. Cobalt - 21. Thallium
10. Copper ' » | 22, Vanadium
11. Iron . | 23. Zinc 1
12. Lead | ‘ 1
Footnoies; . Indicaté elements not analyzed by ICP with the notation “"NA™.
CUMMENTS:

Lab Manager

ONE -~ 32
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Laboratory Name:
Lab Sample 1D No.
Sample Matrix: .
- Data Release Auxhorized By:

Organics Analysis Data Sheet

(Page 1)

Case No:
QC Report No:

Date Sample Received:

Sampie Number

Volatile Compounds

Date Extracted/Prepared:

Date Analyzed:

Conc/Dil Factor:

pH

Percent Moisture: (Not Decanted)

CAS ug/lorug/Kg CAS ug/lorug/Kg
Number {Circle One) Number (Circle One)
74-87-3 Chioromethane 78-87-5 1, 2-Dichloropropane
74-83-8 Bromomethane 10061-02-6 | Trans-1, 3-Dichloropropene
75-01-4 Viny! Chioride 79-01-6 Trichloroethene
75-00-3 Chloroethane . 124-48-1 Dibromochloromethane
75-09-2 Methylene Chloride 79-00-5 1. 1, 2-Trichloroethane
67-64-1 Acetone ° 71-43-2 Benzene
75-15-0 Carbon Disulfide 10061-01-5 | cis-1, 3-Dichioropropene
75-35-4 1, 1-Dichloroethene 110-75-8 2-Chloroethylvinylether
75-34-3 1. 1-Dichioroethane 75-25-2 Bromoform
156-60-5 Trans-1, 2-Dichloroethene 108-10-1 4-Methyl-2-Pentanone
67-66-3 Chioroform 591-78-6 2-Hexanone
107-06-2 1, 2-Dichloroethane 127-18-4 Tetrachioroethene
78-93-3 2-Butanone 79-34-5 1,1, 2, 2-Tetrachloroethane
71-65-6 1, 1, 1-Trichloroethane 108-88-3 Toluene
56-23-5 Carbon Tetrachloride 108-80-7 - | Chlorobenzene
108-05-4 Vinyl Acetate ’ 100-41-4 Ethylbenzene
75-27-4 Bromodichloromethane 100-42-5 Styrene
Tota! Xylenes
Data Reponting Qualifiers
For reporting results 1o EPA, the following results qualifiers sre used.
Additional fiags or footnotes explaining tts are ged. H, . the
definition of each flag must be explicit.
Value if the result is a value greater than or equal to the detection himit, [+ Trus flag applies to pesui:ide parameters where thedentilication has
report the value been contirmed by GC/MS  Single component pesticides 210
ng /ul in the final extract should be confirined by GC/MS
[V} indicates compound was analyzed for but not detected Report the
minimum detecuion himit for the sample with the U (e.g.. 10U) based 8 This tiag 18 used when the snalyte 1s found tn the blank as well as a
on necessary concentration - dilution action  (Trus 1 not necessanly sampie it p ble probable blank contarmination and
the instrument detection hmit) The fooinote should read U- warns the data user 10 1ake &ppropriate action
Compound was analyzed for but not detected. The number is the ’
)m attanable d y imit for the sample Other  Other specific Hlags and footnotes may be required 1o properly define
. the results i used, they must be fully described and such description
J Indicates an estmated value. Thus flag s used either when sttached to the dala summary report
esumating 8 concentration for tentatively identified compounds
where a 1:1 response 15 assumed or when the mass speciral data
indicated the presence of 8 compound that meets the identification
criteria but the result 15 less than the rpecified detection himit but
greater than zero (e.g.. 10J) If imn of detecuion is 10 ug/i and 8
concentration of 3 ug 115 calculated, report 8s 3J. .
Form |

ONE — 33
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Laboratory Name:

Case No: ___ . __.

Date Extracted/Prepared:
Date Analyzed:
Conc/Dil Factor:

Percent Moisture (Decanted)

Organics Analysis Data Sheet

{Page

2)

Semivolatile Compounds

Sample Number

GPC_Cleanup OvYes ONo

Separatory Funnel Extraction DYes -

Continuous Liquid - Liquid Extraction OYes

CAS ug/lorug/Kg CAS ug/lorug/Kg
Number _{Circle One) Number (Circle One
108-95-2 Phenol! . 83-32-9 Acenaphthene

111-44-4 bis{-2-Chloroethyl}Ether 51-28-5 2, 4-Dinitrophenol

95-57-8 2-Chlorophenol 100-02-7 4-Nitrophenol

541-73-1 1, 3-Dichlorobenzene 132-64-9 Dibenzofuran

106-46-7 1, 4-Dichlorobenzene 121-14-2 2, 4-Dinitrotoluene
100-51-6 Benzyi Alcoho! 606-20-2 2, 6-Dinitrotoluene

85-50-1 1, 2-Dichlorobenzene B84-66-2 Diethylphthalate

95-48-7 2-Methylphenol 7005-72-3 4-Chlorophenyi-phenylether
39638:32-9 |bis(2-chioroisopropyl)Ether 186-73-7 Fluorene

106-44.5 4-Methylphenol 100-01-6 4-Nitroaniline

621-64.7 N-Nitroso-Di-n-Propylamine 534-52-1 4, 6-Dinitro-2-Methylphenol
67-72-1 Hexachloroethane 86-30-6 N-Nitrosodiphenylamine (1)
98-95-3° | Nitrobenzene 101.55-3 - 4-Bromophenyl-phenylether
78-59-1 Isophorone 118-74-1 Hexachlorobenzene
88-75-5 2-Nitropheno! '187-86-5 Pentachloropheno!
105-67-9 2. 4-Dimethylphenol 85-01-8 Phenanthrene

65-85-0. Benzoic Acid 120-12-7  [Anthracene

111-91-1 bis{-2-Chlioroethoxy)Methane 84-74-2 Di-n-Butylphthalate
120-83-2 2. 4-Dichloropheno! 206-44-0 Fluoranthene

120-82-1 1. 2. 4-Trichlorobenzene 129-00-0 Pyrene

91.20-3 Naphthalene 185-68-7 Butylbenzylphthalate
106-47-8 [ 4-Chloroaniline I ﬁ-sa-l , 3, 3'-Dichlorobenzidine
87-68-3 Hexachlorobutadiene 56-55-3 - Benzola)Anthracene
59-50-7 4-Chioro-3-Methylpheno! E1 7-81-7 bis({2-Ethylhexyl)Phthalate
_9L-!'>7-6 2-Methyinaphthalene 18-01-9 Chrysene

77-47-4 Hexachlorocyclopentadiene Di-n-Octyl Phthalate
88-06-2 2, 4.??richlorophenol [Benzolb)Flucranthene
95-95-4 2, 4;7richlorophenol Benzo(kjFluoranthene
91-58-7° 2-Chloronaphthalene Benzo{a)Pyrene

88-74-4 2-Nitroaniline 193-39-5 Indeno(1, 2, 3-cd)Pyrene
131-11-3 Dimethy! Phthalate 53-70-3 Dibenz(a, h)Anthracene
208-96-8 Acenaphthylene 191.24-2 Benzo{g. h, ijPerylene
99-08-2 3-Nitroaniline o

: {1)-Cannot be separated from diphenylamine
Form |
ONE - 34
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Laboratory Name:

Case No:

Date Extracted/Prepared:

Dste Analyzed:

Organics Analysis Data Sheet

Conc/Dil Factor:

Percent Moisture (decanted)

Sample Number

Continuous Liquid - Liquid Extraction DYes

(Page 3)
Pesticide/PCBs
GPC Cleanup DYes DNo
Separatory Funnel Extraction OYes

CAS ug/lorug/Kg
Number (Circle One)
319-84-6 Alpha-BHC
319.85-7 Beta-BHC
319-86-8 Delta-BHC
58-89-9 Gamma-BHC (Lindane)
76-44-8 Heptachlor
309-00-2 Aldrin
1024-57-3 Heptachlor Epoxide
959-98-8 Endosulfan |
60-57-1 Dieldrin
72-55-9 4,4'-DDE
72-20-8 Endrin
33213-65-9 | Endosulfan i
72-54-8 4,4.0DD
1031-07-8 | Endosulfan Sulfate
50-29-3 4,4'-DDT
72-43-5 Methoxychlor
53494-70-5 | Endrin Ketone
57-74-9 Chlordane
8001-35-2 | Toxaphene
12674-11-2 | Aroclor-1016
11104-28-2 | Aroclor-1221
11141-16-5 | Aroclor-1232
53469-21-9 [ Aroclor-1242
12672-29-6 | Aroclor-1248
11097-69-1 | Arocior-1254
11096-82-5 | Aroclor-1260

V; =Volume of extract injected {u!)

Vg = Volume of water extracted (m!)

W_ = Weight of sample extracted (g}

V‘ = Volume of total extract (ul)

or Ws Vt
Form 1

ONE - 35

Revision

0

Date September 1986




Laboratory Name:

Case No:

Organics Analysis Data Sheet -

Sample Number

CAS
Number

Compound Neme

: RT or Scan Estimated
Fraction Number Concentration
: {ug/i or ug/kg)

® NSO AWM
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Form 1, Part B
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UOLS LAY
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WATER SURROGATE PERCENT RECOVERY SUMMARY

Case No Laboratory Name
---------- VOLATILE = — = J e m e s e e e m e e e e~ SEMI-VOLATLE — ~— = e e e — - — j}.pgsncmg--
“::! Touene-oe ore Cant-oe | sewzewc-os Pl B S+l PHENOL-08 Tovtnar. [P temoc ] cutonensate
) (88-110) (88-118) {18-114) (3s-114) (a3-11@) (33-1an) (10-84) {24-100) {10-123) (24-184)
VALUES ARE OUTSIDE OF REQUIRED QC LIMITS Volatiles: out of ; outside of QC limits
Semi—Volatiles: out of s outside of QC limits
Pesticides: out of s outside of QC limits

Comments:

FORM [t
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SOIL SURROGATE PERCENT RECOVERY SUMMARY

Case No. Laboratory Name
e e VOLATILE == — Jomcmmmme e s e m e e SEMI-VOLATIE — m e m e e m m —— — e = F-resmicioe-:
u::u TOLUENE -08 ere 'é:ﬁ:':::o' sEnTENE-08 ',;.'.'.'[".?:3 ° it PHENOL-03 z'-:é.'t::o B ""'~':'L'8('°"°" cHLORENGATE
' (s1-117} {r4-129) r0-121) (::'-no) (:o'-uﬂ {16-137) (24-119) (28-121) {18122} 20-130
' Volatiles: out of s outside of QC limits
VALUES AR . . ! '
E OUTSIDE OF REQUIRED QC LIMITS Semi—Volatiles: out of : outside of QC limits
Pesticides: out of s outside of QC limits

Cpmmema:

FORM 1t




UoLS|ASY

9861 4aquaidas ajeq
0

6€ — 3INO

WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Case No. Laboratory Name
CONC. SPIKE | sampLE | CONC. | % | CONC. % ac 11
FRACTION | COMPOUND ADDED (ug/L) | RESULT ms | REc | “MsG | mec | RPO [POTREedoEAY—
VOA 1,1-Dichloroethene 14 61-145
Trichloroethene 14 71129
SAMPLE NO. Chlorobenzene 13 75-130
Toluene 13 16-12%
Benzene 11| 76.127
1,2.4-Trichlorobenzene 28 39.98
B8/N Acenaphthane 31 46-118
' 2,4 Dinitrotoluene 38 2496
SAMPLE NO.| Di-n-Butylphthalate 40 11-117
1 Pyrene 31 26-127
N-Nitroso-Di-n-Propylamin 38 41-116
1,4-Dichlorobenzene 28 36-97
Pentachtorophenol 50 9-103
ACID Phenol 42_| 12.89
2-Chlorophenot 40 27-123
MPLE NO.
SA 0 4-Chloro-3-Methy!phenol 42 23-97
4-Nitrophenol 50 10-80
Lindane 15 56-123
PEST Heptachlor 20 40-131
Aldrin 22 40-120
SAMPLE NO. Dieldrin 18 52.126
Endrin 21 56-121
4,4°.DDT 27 38-127
ADVISORY LIMITS
RPD: VOAs out of : outside QC limits RECOVERY: VOAs outof___;  outside QC Iimfts
B8/N out of outside QC limits 8/N outof outside QC limits
ACID out of outside QC limits ACID . out of ___;  outside QC l!mrts
PEST out of outside QC limits PEST outof __;  outside QC limits
Comments:

FORM (i



UOLS|ADY

9861 J3qualdas ajeq
0

0¥ = 3NO

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Case No. Laboratory Name
CONC. SPIKE SAMPLE CONC. % CONC. % oc Ll
FRACTION | COMPOUND ADDED (ug/Kq) | RESULT ms~ | rRec | msp | rec | RPO [mrD C
VOA __1_,1oDicho|orethene o 22 59-172
Trichloroethene ’ . 24 82-137
SAMPLE NO. Chlorobenzene 21 60-133
Toluene 21 59-139
Benzene 21 66-142
1,2,4-Trichlorobenzene 23 38-107
B/N Acenaphthene 19 31.137
2,4 Dinitrotoluene 47 28-89
SAMPLE NO.| Din-Butylphthalate a7 29-135
Pyrene 36 35-142
N-Nitrosodi-n-Propylamine 38 | 41126
1.4-Dichlorobenzene 27 28-104
: Pentachlorophenol 47 17-109
ACID Phenol 35 26-90
2-Chlorophenot 50 25-102
SAMPLE NO. 4-Chloro-3-Methylpheno! 33 26-103
4-Nitrophenol 50 11-114
Lindane 50 46-127
PEST Heptachlor 31 | 35130
: Aldrin 43 34-132
SAMPLE NO. [™Digidrin 38 | 31134
Endrin 45 42-139
44007 50 | 23134
ADVISORY LIMITS
RPD: VOAs out of ; outside OC fimits - ' RECOVERY: VOAs outof ___; outside QC limits
B/N_______ out of i outside QC limits ) B/N outof ___; outside QC limits
ACID out of : outside QC limits ACID outof ___; outside QC limits
PEST out of : outside QC limits PEST outof ___; outside OC limits
Comments:

FORM It
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METHOD BLANK SUMMARY

Case No. Laboratory Name

F cone. .10 | cas numeer OMPOUND (MSL.TIC OR UNKNOWN) CONC. unITS CROL
FILE 10 DATEOr |FracTion| watax  |SE| msT.i0 | cas wumee ¢

Comments: -

FORM v



Case No.

Instrument 1D

GC/MS TUNING AND MASS CALIBRATION
Bromofluorobenzene (BFB)

Laboratory Name

Date

Ti he

" Data Release Authorized By:

mle ION AB.‘UNDANC.E CRITEBIA " %RELATIVE ABUNDANCE’ |

50 - 15;0 - 400% of the base peak

75 30.0 - 60.0% of the base peak

85 Base peak, 100% relative abundance

96 5.0 - 8.0% of the base peak

173 | “Less than 1.0% of the base ;Jeak '

174 Greater than 50.0% of the base peak

175 | 5.0-8.0% of mass 174 X
176 Greater than 95.0%, but less than 101.0% of mass 174 ( ). 1
177 5.0-9.0% of'rﬁass 176 ( . ) 2

THIS PERFORMANCE TUNE APPLIES TO THE FOLLOWING .

SAMPLES, BLANKS AND STANDARDS.

1Va,lue in parenthesis is % mass 174_. _
Value in‘parenghesis is % mass 176.

SAMP

LE ID LAB ID

DATE OF ANALYSIS | TIME OF ANALYSIS

FORM V
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Revision 0
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GC/MS TUNING AND MASS CALIBRATION
Decafluorotriphenylphosphine (DFTPP)
Case No. Laboratory Name

Instrument ID —________ Date

Time

Data Release Authorized By:

ION ABUNDANCE CRITERIA

m/e %RELATIVE ABUNDANCE
51 30.0 - 60.0% of mass 198
68 less than 2.0% of mass ( )'
69 mass 69 relative abundance
- 70 less than 2.0% of mass-€9 ( )‘
127 40.0 - 60.0% of mass 198
197 less than 1.0% of mass 198
198 base peak, 100% relative abundance
199 5.0 - 9.0% of mass 198
275 10.0 - 30.0% of mass 198
365 | greater than 1.00% of mass 1987
441 present, but less than mass 443
442 greater than 46.0% of mass 198
443 | 17.0 - 23.0% of mass 442 ( )2

THIS PERFORMANCE TUNE APPLIES TO THE FOLLOWING

SAMPLES, BLANKS AND STANDARDS.

1Value in parenthesis is % mass 69,
Value in parenthesis is % mass 442,

SAMPLE 1D LAB ID

DATE OF ANALYSIS

TIME OF ANALYSIS

FORM V
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Case No:

Laboratory Name

Initial Calibration Data
Volatile HSL Compounds

instrument 1 D:

Minimum RF for SPCC is 0.300
(0.25 for Bromoform)

Calibration Date:

Maximum % RSD for CCC is 30%

Laboratory ID

Compound »

RF20

RFSO

RF450

% RSD

cceC.
SPCCe-

Chloromethane

RFy00

 RF200 RF

Bromomethane

Viny! Chioride

Chioroethane

Methylene Chloride

Acetone

Carbon Disulfide °

1, 1-Bichioroethene

1, 1-Dichloroethane

Trans-1, 2-Dichloroethene

Chloroform

"[1. 2-Dichloroethane

p——
2-Butanone

11,1, 1-Trichloroethane

Carbon Tetrachloride

Viny! Acetate

Bromodichloromethane

1. 2-Dichloropropane

[Trans-1, 3-Dichioropropene

Trichloroethene

Dibromochloromethane

1. 1, 2-Trichloroethane

Benzene

cis-1, 3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone

2-Hexanone

Tetrachloroethene

1,1, 2, 2-Tetrachloroethand

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Total Xylenes

RF -Responsge Factor (subscript is the amount of ug/L)’

RF -Average Response Factor
%RSD -Percent Relative Standard Deviation

CCC -Calibration ChebkCompounds {s)

SPCC -System Performance Check Compounds (se)

Form VI
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Initial Calibration-Data
Volatile HSL Compounds

Case No: Instrument | D:
Laboratory Name : Calibration Date:

Minimum RF for SPCC is 0.300 Maximum % RSD for CCC is 30%
(0.25 for Bromoform)

Laboratory ID
. ccc-
Compound RF20 RFgo RFq00 RF1g0 RF200 RE % RSD | SPCCee
RF -Response Factor (subscript is the amount of ug/ Li CCC -Calibration Check Compounds («)
RF -Aversge Response Factor SPCC -System Performance Check Compounds (ee)

%RSD -Percent Refative Standard Deviation

Form VI

ONE - 45

Revision - ¢
Date September 1986




Initial Calibration Data
Semivolatile HSL Compounds

‘ (Page 1) o
CaseNo: — Instrument 1ID: __
Laboratory Name _ : . Calibration Date:

Minimum RF for SPCC is 0.050 Maximum % RSD for CCC is 30%

Laboratory ID
. - . i CCCs
Compound ‘ RFZO RFso RFBO RF120 RF]GO : RF % RSD SPCCe- )

Phenol ) _ - .
bis(-2-Chloroethyl)Ether )
2-Chilorophenol

1, 3-Dichlorobenzene ]
1. 4-Dichlorobenzene” - . o : .
Benzy! Alcohol :
1, 2-Dichlorobenzene
2-Methylphenol
bis{2-chloroisopropyl)Ether
-§4-Methylphenol )
N-Nitroso-Di-n-Propylamine - . %
Hexachloroethane ]
Nitrobenzene
Isophorone ) .
2-Nitrophenol ’ »
2, 4-Dimethylpheno! ’ i
Benzoic Acid ) T
bis(-2-Chloroethoxy)Methane .
2. 4-Dichlorophenol ) ) ’ *
1, 2, 4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene ) ’ . .
4-Chloro-3-Methyipheno!
2-Methylnaphthalene )
Hexachlorocyclopentadiene . i %

2, 4, 6-Trichloropheno! . : .
2, 4, 5-Trichloropheno! T i

2-Chioronaphthalene.

2-Nitroaniline . T

Dimethy! Phthalate

Acenaphthylene -.

3-Nitroaniline T

Acenaphthene )

2, 4-Dinitropheno! 1 ) .
4-Nitrophenol 1

Dibenzofuran

Response Factor (subscript is the amount of nanograms) C SPCC -System Performance Check Compounds (ss)
RF -Average Response Factor 1 -Not detectable at 20 ng

%RSD -Percent Relative Standard Deviation

CCC -Calibration Check Compounds ()

Form Vi
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Case No:
Laboratory Name

Initial Calibration Data

Semivolatile HSL Compounds

(Page 2)
Instrument ID:

Minimum RF for SPCC is 0.050

Calibration Date:

Laboratory 1D

Maximum % RSD for CCC is 30%

Compound

RF30

RFgq

RFgo

RFq20

RF160 114

ccce.

2, 4-Dinitrotoluene

% RSD | SPCCe.

2, 6-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

I3, 6-Dinitro-2-Methyiphenol

N-Nitrosodiphenylamine (1)

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachioropheno!

Phenanthrene

Anthracene

Di-N-Butylphthalate

Fluoranthene

Pyrene

[Butylbenzylphthalate

" [3. 3'-Dichlorobenzidine

Benzola)Anthracene

bis(2-Ethylhexy!)Phthalate

Chrysene

IDi-n-Octy! Phthalate

ienzo(b)Fluoranthene

Benzolk)Fluoranthene

Benzo{a)Pyrene

indeno(1, 2, 3-cd)Pyrene

Dibenz{a, h)Anthracene

Benzo{g. h, i)Perylene

Response Factor (subscript is the amount of nanograms)

KT -Average Response Factor

%RSD -Percent Relative Standard Deviation

CCC -Calibration Check Compounds {e)

Form VI
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Revision
Date Sept

SPCC -System Performance Check Compounds (es)
t - Not detectable at 20 ng
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Initial Calibration Data
Semivolatile HSL Compounds

(Page 1)
CaseNo: =~ Instrument ID:
Laboratory Name Calibration Date:

Minimum RF for SPCC is 0.050 Maximum % RSD for CCC is 30%

Laboratory 1D
S : ccc.
Compound RFyg RFgq RFgo RF420 RFi60 RF % RSD SPCCesf
-l o e
.- S 1 4
174

Response Factor (subscript is the amount of nanograms) SPCC -3ystem Performance Check Compounds {es)
RF -Average Response Factor t -Not detectable at 20 ng

%RSD -Percent Relative Standard Deviation
CCC -Catibration Check Compounds ()

Form VI
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Revision 0
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Case No:

Continuing Calibration Check

Laboratory Name
Contract No:

Instrument ID:

Minimum RF for SPCC is 0.300

(0.25 for Bromoform)

Volatile HSL Compounds

Calibration Date:

Time:

Laboratory (D:

initial Calibration Date:

Maximum %D for CCC is 25%

Compound

e
RF

RFgg

%D CCcC

SPCC

Chloromethane

Bromomethane

Viny!l Chloride

Chioroethane

Methylene Chloride

Acetone

Carbon Disulfide

1, 1-Dichioroethene

1, 1-Dichloroethane

Trans-1, 2-Dichloroethene

Chiloroform

1, 2-Dichloroethane

2-Butanone

1, 1, 1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1, 2-Dichloropropane

Trans-1, 3-Dichloropropene

Trichloroethene

Dibromochloromethane

1. 1, 2-Trichloroethane

Benzene

cis-1, 3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4.Methyl-2-Pentanone

2-Hexanone

Tetrachioroethene

1, 1, 2, 2-Tetrachloroethane

Toluene

Chiorobenzene

Ethylbenzene

Styrene

Total Xylenes

RF5q -Response Factor from daily standard file at 50 ug/|

RF -Average Response Factor from initial calibration Form VI

%D -Percent Difference

CCC -Calibration Check Compounds ()

SPCC -System Performance Check Compounds (s+)

Form Vil
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0
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Continuing Calibration Check
Volatile HSL Compounds

Case No: _ ' . Calibration Date:
Laboratory Name . . Time:

Contract No: ; : _ Laboratory ID: :
Instrument (D: Initial Calibration Date:

Minimum RF for SPCC is 0.300 Maximum %D for CCC is 25%
{0.25 for Bromoform) . : .

Compound . RF T %D ccc SPCC
RF50 -Response Factor from daily standard file at 50 ug '| %D -Percent Difference
RF -Average Response Factor from initial calibration Form Vi _ CCC -Catibration Check Compounds (s) -

SPCC -System Performance Check Compounds i« +)

Form Vil

ONE - 50
Revision 0
Date September 1986




Case No:
Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

(Page 1)

Instrument ID:

Minimum RF for SPCC is 0.050

Calibration Date:

Time:

Laboratory ID:
initia!l Calibration Date:

Maximum %D for CCC is 25%

Compound

ﬁ_‘

RFSO

% D

CcCC SPCC

Phenol

*

bis{-2-Chloroethyl)Ether

2-Chlorophenol

1, 3-Dichlorobenzene

1. 4-Dichlorobenzene

Benzyl Aicoho!

1. 2-Dichlorobenzene

2-Methylphenol

bis(2-chioroisopropyl)Ether

4-Methylphenol

N-Nitroso-Di-n-Propylamine

Hexachloroethane

Nitrobenzene

isophorone

2-Nurophenol

2, 4-Dimethyiphenol

Benzoic Acid T

bis{-2-Chloroethoxy)Methane

2. 4-Dichloropheno!

1. 2. 4-Trichiorobenzene

Naphthaiene

4-Chioroaniline

Hexachlorobutadiene

4.Chloro-3-Methylpheno!

2-Methyinaphthalene

Hexachlorocyclopentadiene

2. 4, 6-Trichloropheno!

2.4, 5-Trichioropheno! 1

2-Chloronaphthalene

2-Nitroaniline 1

Dimethyl Phthalate

Acenaphthylene

3-Nitroaniline 1

Acenaphthene

2, 4-Dinitropheno!

4-Nitrophenol

Dibenzofuran

RFgq -Response Factor from daily standard file at concentration

indicated (50 toial nanograms)

RT -Average Response Factor from initial calibration Form Vi

T-Due to low response, snalyze
ot 80 total nanograms

%D -Percent Ditference

CCC -Calibration Check Compounds (+)
SPCC -System Performance Check Compounds (s}

Form Vil

ONE - 51

Revision 0
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Continuing Calibration Check
Semivolatile HSL Compounds

(Page 2)
Case No: ‘ Calibration Date: _
“Laboratory Name - - Time:
) Laboratory ID:
Instrument ID: Initial Calibration Date:

Minimum RF for SPCC is 0.060 Maximum %D for CCC is 25%

Compound ﬁ *F‘FSO %D CcCcC

" SPCC

2, 4-Dinitrotoluene

2, 6-Dinitrotoluene

Diethylphthalate

4-Chiorophenyl-phenylether

Fluorene

4-Nitroaniline ]

4, 6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine (1) . » *

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachloropheno! i 1 . *

Phenanthrene

Anthracene

Di-N-Butylphthalate

Fluoranthene .

Pyrene

Butylbenzylphthalate

3. 3'-Dichlorobenzidine

Benzo{a)Anthracene

bis{2-Ethylhexy!)Phthalate

Chrysene

Di-n-Octy! Phthalate ’ . . .
Benzo{b)Fluoranthene :

Benzo{k)Fiuoranthene

'Einzo(a)Pyrene ] *

Indeno{1, 2, 3-cd)Pyrene

Dibenz{a, h)Anthracene

Benzo(g, h, i)Perylene

RFgg - Resuonsu Factor from dinly standaid bile it Lom.emv ition CCC -Calwration Check Compounds {.) _
indicated (50 total nanograms) SPCC -System Perfurmance Check Compounts (-« +}
RT -Average-Response Factor from it calibration Form Vi " (1) -Cannot be separated from diphenylanune

%D Percent Difference

T Due to low response, analyze
at 80 total nanograms Form VIl

ONE — 52
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Continuing Calibration Check
Semivolatile HSL Compounds

{Page 1)
Case No: Calibration Date:
Laboratory Name , Time:
Laboratory ID:
instrument ID: Initial Calibration Date:

Minimum RF for SPCC is 0.050 Maximum %D for CCC is 256%

[Compound ‘ RF RFso % D ccc. SPCC
RF g0 -Respunse Factor from daily standard file at concentrition %D -Percent Difference
indicated (50 total nanograms) CCC -Calivration Check Compuunds (.)
RY -Average Response Factor from initial calibration Form Vi SPCC System Perlormance Check Compounds (.-}

rDue to low response, analyze
st 80 to1al nanograms

Form VII

ONE — 53
Revision 0
Date September 1986




Pesticide Evaluation Standérds Summary
(Page 1)

Laboratory Name:
GC Column:

Case No:

Date of Analysts:

instrument 1D

Evaluation Check for Linearity

Laboratory
1D

"Pesticide

Calbration
Factor
Eval. Mix A

Calibration _

Factor
Eval. Mix B

Calibration
Factor

Eval. Mix C -

% RSD
( £10%)

Aldrin

~ Endnin

4.4-potl")

Dibutyl
Chlorendate

Evaluation Check for 4,4'- DDT/Endrin Breakdown
{percent breakdown expressed as total degradation')

Laboratory Time of

Endrin | 4.4-D0T | Combined").
1.D. Analysis . ’ :

Eval Mix B

72 Hour

Eval MixB . -

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B
Eval Mix B
Evai Mix B

(1) See Exhibit E, Section 7.5.4
(2) See Exhibit E, Section 7.3.1.2.2.1 RCRA

Form VIlI 4/86

ONE - 54
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Pesticide Evaluation Standards Summary

Report all standards, blanks and samples

(Page 2)
Evaluation of Retention Time Shift for Dibutyl Chlorendate

Lab Titne of Percent SMO Lab Time of Percent
Sample No 1.D. Analysis Diff. Sample No. 1.D. Analysis Diff.
RCRA
Form VIl (Continued) 4/86
ONE - 55
Revision 0

Date September 1986
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UOLS LAY

Case No.

PESTICIDE/PCB STANDARDS SUMMARY

Laboratory Name

GC Column

GC instrument 1D

DATE OF ANALYSIS

TIME OF ANALYSIS

LABORATORY 1D

DATE OF ANALYSIS
TIME OF ANALYSIS
LABORATORY 1D .

COMPOUND

RETENTION CONF.
AT e [caLiBrATION o

WINDOW FACTOR QUANT.

lC}ALIBRATION conF - PERCENT

RT :
FACTOR | QuUANT. " DIFF, %%

“alpha —BHC

beta-BHC

delta-BHC

gamma —BHC

Heptachlor

Aldrin

Heptachlor Epoxide

Endosutfan T

Dieldrin

4,4 -DDE

- Endrin

Endosuifan I[

4,4"-DDD

Endrin Aldehyde

Endosulfan Sulfate

4,4°-DDT

Methox ychlior

Endrin Ketone

Tech. Chlordane

alpha—Chlordane

gamma-Chlordane

Toxaphene
Aroclor - 1016
Aroclor — 1221
Aroclor — 1232
Aroclor — 124 .

Aroclor — 1248

Aroclor - 1254

Aroclor - 1260

FOPMU 1X

k& CONF, = CONFIRMATION (<20% DIFFERENCE)
QUANT. =QUANTITATION (<! 5% DIFFERENCE)
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Pesticide/PCB lIdentification

Laboratory Name

Case No.
- RT OF RT WINDOW " RT ON RT winoow oF | Gcsms
SAMPLE PRIMARY IPESTICIDE/| TENTATIVE OF APPRQPRIATE | CONFIRMATION [ cONFIRMATORY | APPROPRIATE | CONFIRMED
10 COLUMN pCB D : STANDARD COLUMN COLUMN STANDARD (Y or N)

FORM X



CHAPTER TWO
CHOOSING THE CORRECT PROCEDURE

2.1 PURPOSE

This chapter aids the analyst in choosing the appropriate methods for
samples, based upon sample matrix and the analytes to be determined.

2.2 REQUIRED INFORMATION

In order to choose the correct combination of procedures to form the
appropriate analytical method, some basic information is required.

2.2.1 Physical State(s) of Sample

The phase characteristics of the sample must be known. There are several
general categories of phases in which the sample may be categorized:

Aqueous

0il1 and Organic Liquid
Sludges

Solids

Multiphase Samples

EP and TCLP Extracts
Ground Water.

0O0O0OO0OO0OO0OO0

2.2.2 Analytes

Analytes are divided into classes based on the determinative methods
which are used to identify and quantify them. The organic compounds are
divided into different groups as indicated by Tables 2-1 through 2-14. Some

of the analytes appear on more than one table, as they may be determined using
any of several methods.

2.2.3 Detection Limits Required

Regulations may require a specific sensitivity or detection limit for an
analysis, as in the determination of analytes for the Extraction Procedure
(EP) or for delisting petitions. Drinking water detection limits, for those
specific organic and metallic analytes covered by the National Interim Primary
Drinking Water Standards, are desired in the analysis of ground water. Table
2-15 1lists those analytes which are determined under the ground water
monitoring guidance. It also includes detection 1limits for ground water
monitoring and for the EP and TCLP procedures.

TWO - 1
Revision 0
Date September 1986




2.2.4 Analytical Objective

Knowledge of the analytical objective will be useful in the choice of
sub-sampling procedures and in the selection of a determinative method. This
is especially true when the sample has more than one phase. Knowledge of the
analytical objective may not be possible or desirable at all management
levels, but that information should be transmitted to the analytical
laboratory management to ensure that the correct techniques are being applied
to the analytical effort. ,

2.2.5 Detection and Monitoring

The strategy for detection of compounds in environmental or process
samples may be contrasted with the strategy for monitoring samples. Detection
samples define initial conditions. When there is little information available
about the composition of the sample source, e.g., a well or process stream,
mass spectral identification of organic analytes leads to fewer false positive
results. Thus, the most practical form of detection for organic analytes,
given the ana]yt1ca1 requirements, is mass spectral identification. The
choice of technique for metals is governed by the detection 1imit requirements
and potential interferents.

Monitoring samples, on the other hand, are analyzed to confirm existing
and on-going conditions, tracking the presence or absence of constituents 1in
an environmental or process matrix. A less compound(s)-specific detection

mode may be used because the matrix and the analytical conditions are well
defined and stable.

2.2.6 Sample Containers, Preservations, and Holding Times

Appropriate sample containers, sample preservation techniques, and sample
holding times are listed in Table 2-16, at the end of this chapter.

2.3 IMPLEMENTING THE GUIDANCE

The choice of the appropriate sequence of methods depends on the
information required and on the analyst's experience. Figure 2-1 summarizes
the organic analysis options available. Appropriate selection is confirmed by
the quality control results. The use of the recommended procedures, whether
they are approved or mandatory, does not release the analyst from
demonstrating the correct execution of the method.

2.3.1 Determinative Procedures

The determinative methods for organic analytes have been divided into
three categories, shown in Figure 2-2: gas chromatography (GC); gas
chromatography/mass  spectrometry (GC/MS); and high pressure liquid
chromatography (HPLC). This division is 1intended to help an analyst choose
which determinative method will apply.. - Under each analyte column, SW-846
method numbers have been indicated, 1if appropriate, for the determination of

the analyte. A blank has been left if no chromatographic determinative method
is available. ,

TWO - 2
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Volatile
Physical Ou[rminie
e
Aqueous Liqosa] lSolid, Oil or Sludge
el l

€ - oML

UOLS LAY

9861 43qualdas ajeQ
0

s

Sample to
be Analyzed for E xtractable
Extractables or

Volatites? I

Aqgueous Shudge Physical c::vmwiml:
Samople
Aqueous Liqmd]
Extraction Procsdure: E xtraction Proced ion Py :
3520, 3540 or 3550 3510 or 3520 3540,3550 or 3580

|

Anelysis \\ GC/MS ccmsm-g::o Procedure:

Procedure?,
GC
GC Analysis Procedures:
Hsloganated Volstite Organics: 8010
Nonhatogenated Volatile Organics: 8015
A ic Volatile Organi 8020
Acrolein, Acrylonitrile, Acstonitrile: 8030

4//4’
No Cteanup

HPLC Analysis Procedure:
Polynuciear Aromatic Hydrocarbons:

Needed?
Yeos
Cleanup Procedure:
Alumina Column: 3610
Alurmina Column for Petroleum Wastes. 311
Florisil Cotumn: 3620
Silica Gel Column: 3630
Gel Petreaction: 3640
Acid Base Partioning: 3650
Suttur: 3660
GC Analysis Procedures:
Phenols: 8040
Phthalate Estors: 8060
QOrganochiorine Pesticides snd PCB’s: 8080
a3 Ni ics and Cyclic Ketones: 8090
10 Polynuciesr Arometic Hydrocarbons: 8100
Chigrinsted Hydrocarbons: 2120
Organophosoh Pesticides: 8140
Chiorinsted Herbicides: 0150

GC/MS Procedures:
Packed Column: 8250
Capitlary Column: 8270

Figure 2-1. Organic Analysis Options




9861 Jaque3des a1e(

uoLs A9y
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b - OML

Sesivolatile Organic Compounds

Mitro- Organo-
aromatics & Organo- chiorine
Phthatate | Cyclic Polyaromatic [Chlorinated phosphorous | Pesticides |[Chiorinated
Phenols Acids Esters Ketones hydrocarbons |hydrocarbons |Base/Neutral | Pesticides | & PCBs Herbicides
GC/MS a8 - 70] a270 8270 8270 8270 8270 8270* a270* 8270*
Determination 8250 8250 8250 8250 8250 8250 8250
Methods
Specific . .
Detection 8040 8060 8090 8100 8120 8140 08080 8150
Methods .
wic 8310

*This method ts an alternative confirmation method.

Figure 2-2.

It s not the method of choice.

Determination of Organic Analytes.
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Volatile Organic Compounds

Non- ) Acrolein '

Halogenated | halogenated Aromatic Acrylonitrile| Volatile

Volatiles Volatiles Volatiles |Acetonitrile | Organics
GC/MS '
Determination 8240 8240 8240 8240 8240
Methods
Specific
Detection 8010 8015 8020 8030
Methods
HPLC

Figure 2-2. Determination of Organic Analytes. (Continued)




Generally, the MS procedures are .more specific but less sensitive than
the appropriate gas chromatographic/specific detection method. ,

Method 8140, for organophosphorous pesticides, and Method 8150, for
chlorinated herbicides, are preferred to GC/MS because of the combination of
selectivity and sensitivity of the flame photometric and electron capture
detectors. ’ ,

Methods 8250 and 8270 are both semivolatile GC/MS methods. Method 8250
uses a packed column whereas Method 8270 employs a capillary column. Better
chromatographic separation of the semivolatile compounds may be obtained by
using Method 8270 rather than 8250. Performance criteria will be based on
Method 8270.

For volatile organic compounds,” Method 8240 is the determinative
procedure. Method 5030 has been combined with Method 8240, with which it was
used exclusively. A GC with a selective detector is also useful for the
determination of volatile organic compounds in a monitoring scenario,
described in Section 2.2.5.

Method 8000 gives a general description of the method of gas

chromatography. This method should be consulted prior to application of any
of the gas chromatographic methods.

2.3.2 Cleanup Procedures

Each category in Figure 2-3, Cleanup of Organic Analyte Extracts,
corresponds to one of the possible determinative methods available in the
manual. Cleanups employed are determined by the analytes of interest within
the extract. However, the necessity of performing cleanup may also depend
upon the matrix from which the extract was developed. Cleanup of a sample may
be done exactly as instructed in the cleanup method for some of the analytes.
There are some instances when cleanup using one of the methods may only
proceed after the procedure is modified to optimize recovery and separation.
Several cleanup techniques may be possible for each analyte category. The
information provided is not meant to 1imply that any or all of these methods
must be used for the analysis to be acceptable. Extracts with components
which interfere with spectral or chromatographic determinations are expected
to be subjected to cleanup procedures.

The analyst's discretion must determine the necessity for cleanup
procedures, as there are no clear cut criteria for indicating their use.
Method 3600 and associated procedures should be consulted for further details
on employing cleanup procedures.

2.3.3 Extraction and Sample Preparation Procedures

Methods for preparing organic analytes are shown in Figure 2-4. Method
3500 and associated procedures should be consulted for further details on
preparing the sample for analysis.

TWO - 6
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Nitro- Organo-
aromatics & Organo- chlorine
Phthalate Cycltic Polyaromatic |Chlorinated phosphorous | Pesticides Chlorinated
Phenols Acids Esters Ketones hydrocarbons |hydrocarbons |Base/Meutral | Pesticides & PCBs Herbicides
3620

3630 3610 3611 3640 3620
3640 3640 3620 3620 3630 3620 3650 3620 3640
3650 3650 3640 3640 3640 3640 3660 3640 3660 8150

Figure 2-3.

Cleanup of Organic Analyte Extracts.




9861 43qualdas ajeq

Uo}SLA3Y

0

8 — OML

Nitro-

aromatics &
Phthalate Cyclic Polyaromatic |Chlorinated
Phenols Acids Esters Ketones hydrocarbons |hydrocarbons |Base/Neutral
3510 3510 3510 3510 3510 3510 3510
Aqueous 3520 3520 3520 3520 3520 3520 3520
ph3 <2 <2 Neutral 5-9 Neutral Neutral 11
3540 3540 3540 3540 3540 3540 3540
Solids 3550 3550 3550 -3550 3550 3550 3550
35802 35802 © 35802 - 35802 35802 35802 35802
Aqueous See Aqueous Above
- Emuisionsl 3520 3520 3520 3520 3520 3520 3520
Sludges _
pH3 @ < Neutral 5-9 Neutral Neutral 1
Sol1ds See Solids Above
3650 3650 . 35802 . 35802 3560 35802 3650
Cofls 35802 35802 35802 35802

rf attempts to break up‘ emulsions are unsuccessful, this method may'be used.
2Waste dilution, Method 3580, is only appropriate 1f the sample is soluble in the specified solvent

pH at which extraction should be performed.

Figure 2-4.

Preparation Methods for Organic Analytes.
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Organo-
Organo- chlorine Non- Acrolein
phosphorous | Pesticides Chlorinated | Halogenated | halogenated Aromatic Acrylonitrile| Volatile
Pestictdes & PCBs Herbicides Volatiles Volatiles Volatiles jAcetonitrile Organics
3510 3510 8150 5030 5030 5030 5030 5030
Aqueous 3520 3520
. pHd 6-8 5-9 g
3540 3540 8150 5030 5030 5030 5030
Solids 3550 3550 35802 5030
35802 35802
Agqueous See Aqueous Above
Emulsions! 3520 3520 8150 5030 5030 5030~ 5030 5030
Sludges
pH3 6-8 5-9 <2
Solids —— See Solids Above
ofls 35802 35802 35802 5030 5030 5030 5030 5030
Figure 2-4. Preparation Methods for Organic Analytes. (Continued)




2.3.3.1 Aqueous Samples

The choice of a preparative method depends on the sample. Methods 3510
and 3520 may be used for extraction of the semivolatile organic compounds.
Method 3510, a separatory funnel extraction, is appropriate for samples which
will not form a persistent emulsion interphase between the sample and the
extraction solvent. The formation of an emulsion that can not be broken up by
mechanical techniques will prevent proper extraction of the sample. Method
3520, a liquid-liquid continuous extraction, may be used for any aqueous
sample; this method will minimize emulsion formation.

2.3.3.1.1 ‘BasiC‘br Neutral Extraction of Semivolatiles

The solvent extract obtained by performing either Method 3510 or 3520 at
a neutral or basic pH will contain the compounds of interest. Refer to Table
1 in the extraction methods (3510 and/or 3520) for guidance on the extraction
pH requirements for analysis.

2.3.3.1.2 Acidic Extraction of Phenols and Acids

The extract obtained by performing either Method 3510 or 3520 at
pH 2 will contain the phenols and acid extractables.

2.3.3.2 Solid Samples

Soxhlet (Method 3540) and sonication (Method 3550) extraction are used"
with solid samples. Consolidated samples should be ground finely enough to
pass through a 9.5 mm sieve. In limited applications, waste dilution (Method
3580) may be used if the entire sample is soluble in the specified solvent.

Method 3540 and 3550 are 'neutral-pH extraction techniques and therefore,
depending on the analysis requirements, acid-base partition cleanup (Method
3650) may be necessary. Method 3650 will only be needed if chromatographic
interferences are severe enough to prevent detection of the analytes of
interest. This separation will be most important if a GC method is chosen for
analysis of the sample. If GC/MS is used, the 1ion selectivity of the
technique may compensate for chromatographic interferences.

2.3.3.3 0ils _and Organic Liquids

Method 3580, waste dilution, may be wused and the resultant sample
analyzed directly by GC or . GC/MS. To avoid overloading the analytical
detection system, care must be exercised to ensure that proper dilutions are
made. Method 3580 gives guidance on performing waste dilutions.

To remove interferences, Method 3611 may be performed on an oil sample
directly, without prior sample preparation.

Method 3650 is the only other preparative procedure for oils and other
organic liquids. This procedure is a back extraction into an aqueous phase.
It 1s generally introduced as a cleanup procedure for extracts rather than as
a preparative procedure. O0ils generally have -a high concentration of
semivolatile compounds and, therefore, preparation by Method 3650 should be
done on a relatively small aliquot of the sample. Generally, extraction of 1

mL of oil will be sufficient to obtain a saturated aqueous phase and avoid
emulsions. '
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2.3.3.4 Sludge Samples

There is no set ratio of liquid to solid which enables the analyst to
determine which of the three extraction methods cited is the most appropriate.
If the sludge is an organic sludge (solid material and organic liquid, as
opposed to an aqueous sludge), the sample should be handled as a multiphase
sample.

Determining the appropriate methods for analysis of sludges is
complicated because of the lack of precise definition of sludges with respect
to the relative percent of 1liquid and solid components. They may be
classified into three categories but with appreciable overlap.

2.3.3.4.1 Liquids

Use of Method 3510 or Method 3520 may be applicable to sludges that
behave 1ike and have the consistency of aqueous liquids. Ultrasonication
(Method 3550) and soxhlet (Method 3540) procedures will, most Tikely, be
ineffective because of the overwhelming presence of the 11qu1d aqueous phase.

2.3.3.4.2 Solids

Soxhlet (Method 3540) and sonication (Method 3550) will be more effective
when applied to sludge samples that resemble solids. Samples may be dried or
centrifuged to form solid materials for subsequent determination of
semivolatile compounds.

Using Method 3650, Acid-Base Partition Cleanup, on the extract may be
necessary, depending on whether chromatographic interferences prevent
determination of the analytes of interest.

2.3.3.4.3 Emulsions

Attempts should be made to break up and separate the phases of an
emulsion. Several techniques are effective in breaking emulsions or
separating the phases of emulsions.

1. Freezing/thawing: Certain emulsions will separate if exposed
to temperatures below 0°C.

2. Salting out: Addition of a salt to make the aqueous phase of

an emulsion too polar to support a less polar phase promotes
separation.

3. Centrifugation: Centrifugal force may separate emulsion
components by density.

4, Addition of water or ethanol: Emulsion polymers may be
destabilized when a preponderance of the aqueous phase is
added.

If techniques for breaking emulsions fail, use Method 3520. If the
emulsion can be broken, the different phases (aqueous, solid, or organic
liquid) may then be analyzed separately.
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2.3.3.5 Multiphase Samples

Choice of the procedure for sub-sampling multiphase samples is very
dependent on the objective of the analysis. With a sample in which some of
the phases tend to separate rapidly, the percent weight or volume of each
phase should be calculated and each phase should be individually analyzed for
the required analytes. The appropriate sample matrix figure should be
consulted.

An alternate approach is to obtain a homogeneous sample and attempt a
single analysis on the combination of phases. This approach will give no
information on the abundance of the analytes 1in the individual phases other
than what can be implied by solubility.

A third alternative is to select phases of interest and to analyze only
those selected phases. This tactic must be consistent with the sampling/
analysis objectives or it will yield insufficient information for the time and
resources expended. The phases selected should be compared with Figures 2-1
through 2-4 for further guidance.

2.4 CHARACTERISTICS

Figure 2-5 outlines the testing sequence for determining if a waste is
hazardous by characteristics.

2.4.1 EP and TCLP extracts

The leachate obtained from using either the EP (Figure 2-6A) or the TCLP
(Figure 2-6B) is an aqueous sample and, therefore, requires further solvent
extraction prior to the analysis of semivolatile compounds. Figure 3 gives
further information on aqueous sample extraction.

The TCLP leachate is solvent extracted with methylene chloride at a
pH D11 by either Method 3510 or 3520. Method 3510 should be used unless the
formation of emulsions between the sample and the solvent prevent proper
extraction. If this problem is encountered, Method 3520 should be employed.

The solvent extract obtained by performing either Method 3510 or 3520 at
a basic or neutral pH will contain the base/neutral compounds of interest.
Refer to the specific determinative method for guidance on the extraction pH
requirements for analysis. When all semivolatile analytes are being
determined, the pH is then made acidic and the extraction is repeated (Method
3510 or 3520).

Due to the high concentration of acetate in the TCLP extract, it is

recommended that purge-and-trap/GC/MS, Method 8240, be used to introduce the
volatile sample into the gas chromatograph.
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Figure 2-5. Schematic of Sequence of Testing to Determine
if a Waste is Hazardous by Characteristics.
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Figure 2-5. (Continued).
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Sample

1310
3010
6010 7470 3510 8150
Hg Neutral Herbicides
— AS
Ba —
8080
— Cd Pesticides
Cr —
— Pb
Ag —
— Se

Figure 2-6A. EP.
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Sample

TCLP
o0 | | 7470 . 3510 13510 8150
Hg Neutral (Acidic and Herbicides
‘ Basic) '
6010 8080 . 8270
Pesticides ‘ Semivolatile
: : Organics
— As
Ba — ’
— Cd
Cr — '
8240
— Pb | Volatile
Organics
Ag —
— Se
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2.5 GROUND WATER

Appropriate analysis schemes for the determination of analytes in ground
water are presented in Figures 2-7A, 2-7B, and 2-7C. Quantitation limits for
the metallic analytes should correspond to the drinking water limits which are
available. These are presented, along with the quantitative Timits for
herbicides and anions, in Table 2-15. Nominal detection limits achievable for
volatile organic compounds and the semi-volatile compounds are given, based on
the indicated methods for ground water monitoring.

2.5.1 Special Techniques for Metal Analytes

A1l atomic absorption analyses should be performed using Zeeman or Smith-
Hieftje background correction. These types of background correction will
allow analysis for low level selenium in the presence of high levels of iron.
They are superior to the deuterium arc background correction technique.

A11 graphite furnace atomic absorption (GFAA) analyses should be
performed using the Lvov platform technique. This technique reduces matrix
interferences and should improve the results for those elements analyzed by
furnace atomic absorption.

Cadmium and antimony should be determined by GFAA. These two elements
are analyzed by GFAA to achieve 1lower detection 1limits. Typical GFAA

detection limits for antimony and cadmium are 3 ug/L and 0.1 ug/L, compared to
60 ug/L and 3 ug/L by ICP.

A1l furnace atomic absorption analysis should be carried out using the
exact matrix modifiers 1isted below. (See also the appropriate methods.)

Element(s) Modifier
As and Se Nickel Nitrate
Pb Phosphoric Acid
cd Ammonium Phosphate
Sb Ammonium Nitrate
T Platinum/Palladium

The ICP calibration standards must match the acid composition and
strength of the acids contained in the samples. Acid strengths in the ICP
calibration standards should be stated in the raw data.

2.5.2 Special Techniques for Indicated Analytes and Anions

If an Auto-Analyzer 1is used to read the cyanide distillates, the
spectrophotometer must be used with a 50-mm path length cell. If a sample is
found to contain cyanide, the sample must be redistilled a second time and

analyzed to confirm the presence of the cyanide. The second distillation must
fall within the 14-day holding time.
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Organic Sample

VOA _ Semivolatile Pesticides Herbicides

Dioxins

8240 ' 3510 or 3520 3510 or 5520 ) 8150
Neutral

8280

1

8270 3620, 3640
and/or 3660

8080

10pt10nal: Cleanup required only if interferences prevent analysis.

l
|
Figure 2-7A. Ground Water Analysts.
| |
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Indicator Analyte

Field Tests

= 9060
Toc pH
1 Specific
POC Conductance
- 9020
TOX
2 -
POX
H? c1-
Ion Chromatography
3 Br- —
Ion Chromatography
—3  Nop/Nog
- |Ion Chromatography
Ion Chromatography
—H 010
CN™
2 -
NH3
m 9066
Phenolics
F- —

Ion Chromatography

1Barcelona, 1984 (See Reference 1)
2R1ggin, 1984 (See Reference 2)
3McKee, 1984 (See Reference 3)

Figure 2-7B. Indicator Analyte.
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Sample

3005 3005% | 7470
. Hg
6010 or | | 7041
FLAA . Sb
Ba — 7131 —
Cd
— Al ,
Ag — 7421
Pb
Sb — ’ 7740 —
Se
— Mn
Cr — 7841.
B &
— Zn
Co — 7060 -
As
— Cu
Mg —
— Nij

*Graphite Furnace Atomic Absorption is required to achieve detection
limits.

Figure 2-7C. Ground Water.
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Table 2-1: Phenols and Organic Acids

Benzoic acid

Benzyl alcohol
2-sec-Butyl-4,6-dinitrophenol (DNBP)
4-Chloro-3-methylphenol
2-Chlorophenol

Cresol (methyl phenols)
2-Cyclohexyl-4,6-dinitrophenol
2,4-Dichlorophenol
2,6-Dichlorophenol
2,4-Dimethylphenol
4,6-Dinitro-o-cresol
2,4-Dinitrophenol
2-Methy1-4,6-dinitrophenol
2-Nitrophenol

4-Nitrophenol
Pentachlorophenol

Phenol

Tetrachlorophenols
Trichlorophenols

Table 2-2: Phtha]ate Esters

Benzyl butyl phthalate
Bis(2-ethylhexyl)phthalate
Diethyl phthalate
Di-n-butyl phthalate
Dimethyl phthalate
Di-n-octyl phthalate

Table 2-3: Nitroaromatics and Cyclic Ketones

Dinitrobenzene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Isophorone
Naphthoquinone
Nitrobenzene
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Table 2-4: Polyaromatic Hydrocarbons

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b) fluoranthene
Benzo(j) fluoranthene .
Benzo (k) fluoranthene
Benzo(g,h,1)perylene
Chrysene
Dibenz(a,h)acridine
Dibenz(a,j)acridine
Dibenz(a,h)anthracene (Dibenzo(a,h)anthracene)
7H-Dibenzo(c,g)carbazole
Dibenzo(a,e)pyrene
Dibenzo(a,h)pyrene
Dibenzo(a,i)pyrene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
3-Methylcholanthrene
Naphthalene
Phenanthrene

Pyrene

Table 2-5: Chlorinated Hydrocarbons

Benzotrichloride

Benzyl chloride
2-Chloronaphthalene
Dichlorobenzenes
Dichloromethylbenzenes (Dichlorotoluenes)
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexane
Hexachlorocyclopentadiene
Hexachloroethane
Pentachlorohexane
Tetrachlorobenzenes
Trichlorobenzenes
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Table 2-6:

Acenaphthene
Acenaphthylene
Acetophenone .

Aldrin

Aniline

Anthracene

4-Aminobiphenyl
Aroclor-1016

Aroclor-1221

Aroclor-1232

Aroclor-1242

Aroclor-1248

Aroclor-1254

Aroclor-1260

Benzidine
Benzo(a)anthracene
Benzo(b) fluoranthene

Benzo (k) fluoranthene
Benzo(g,h,1)perylene
Benzo(a)pyrene

a-BHC

p-BHC

0-BHC

7-BHC
Bis(2-chloroethoxy)methane
Bis(z-chloroethylgether
Bis(2-chloroisopropyl)ether
Bis(2-ethylhexyl)phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
Chlordane

4-Chloroaniline

. 1-Chloronaphthalene
2-Chloronaphthalene
4-Chlorophenyl phenyl ether
Chrysene

4,4'-DDD

4,4'-DDE

4,4'-DDT
Dibenzia,J)acridine
Dibenz(a,h)anthracene
Dibenzofuran

Di-n-butyl phthalate
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
3,3'-Dichlorobenzidine
Dieldrin

Diethyl phthalate
p-Dimethylaminoazobenzene
7,12-Dimethylbenz(a)anthracene

Base/Neutral

a-,a-Dimethylphethylamine
Dimethyl phthalate
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diphenylamine
1,2-Diphenylhydrazine
Di-n-octyl phthalate
Endosulfan I

Endosulfan II
Endosulfan sulfate
Endrin

Endrin aldehyde

Endrin ketone

Ethyl methanesulfonate
Fluoranthene

Fluorene
2-Fluorobiphenyl
Heptachlor

Heptachlor epoxide
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isphorone

Methoxychlor
3-Methylcholanthrene
Methyl methanesulfonate
2-Methylnaphthalene
Naphthalene
1-Naphthylamine
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
N-Nitroso-di-n-butylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodipropylamine
N-Nitrosopiperidine
Pentachlorobenzene
Pentachloronitrobenzene
Phenacetin

Phenanthrene

2-Picoline

Pronamide

Pyrene
1,2,4,5-Tetrachlorobenzene
1,2,4-Trichlorobenzene
Toxaphene
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Table 2-7:

Organophosphorous Pesticides

Azinphos methyl
Bolstar (Sulprofos)
Chlorpyrifos
Coumaphos

Demeton

Diazinon
Dichlorvos
Dimethoate
Disulfoton

EPN

Ethoprop
Fensulfothion
Fenthion

Malathion

Merphos

Mevinphos
Monochrotophos
Naled

Parathion

Parathion methyl
Phorate

Ronnel

Stirophos (Tetrachlorvinphos)
Sulfotepp

TEPP

Tokuthion (Prothiofos)
Trichloronate
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Table 2-8: Organochlorine Pesticides and PCB's

Aldrin
a-BHC
p~BHC
6-BHC

~ 4-BHC (Lindane)
Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Kepone
Methoxychlor
Toxaphene A
PCB-1016 (Aroclor-1016)
PCB-1221 (Aroclor-1221)
PCB-1232 (Aroclor-1232)
PCB-1242 iAroclor-1242)
PCB-1248 (Aroclor-1248)
PCB-1254 (Aroclor-1254) .
PCB-1260 (Aroclor-1260)

Table 2-9: Chlorinated Herbicides

2,4-D

2,4-DB

2,4,5-T

2,4,5-TP (Silvex)
Dalapon

Dicamba
Dichloroprop
Dinoseb

MCPA

Mcpp
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Table 2-10: Halogenated Volatiles

Benzyl chloride
Bis(2-chloroethoxy)methane
Bis(2-chloroisopropyl)ether
Bromobenzene
Bromodichloromethane
Bromoform

Bromomethane

Carbon tetrachloride
Chloracetaldehyde

Chloral

Chlorobenzene
Chloroethane

Chloroform

1-Chlorohexane
2-Chloroethyl vinyl ether
Chloromethane

Chloromethyl methyl ether
Chlorotoluene
Dibromochloromethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene (V1ny11dene chloride)
trans- 1,2-Dichloroethylene
Dichloromethane
1,2-Dichloropropane
1,3-Dichloropropylene
1,1,2,2-Tetrachloroethane
1,1,1,2-Tetrachloroethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
Trichloropropane

Vinyl chloride

Table 2-11: Non-halogenated Volatiles

Acrylamide

Diethyl ether

Ethanol

Methyl ethyl ketone (MEK)

Methyl isobutyl ketone (MIBK)
Paraldehyde (trimer of acetaldehyde)
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Table 2-12:

~ Benzene

Aromatic Volatiles

Chlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Ethyl benzene

Toluene

Xylenes (Dimethyl benzenes)

Table 2-13:

Acetonitrile
Acrolein (Propena])
Acrylonitrile

Table 2-14:

Acetone

Acrolein

Acrylonitrile

Benzene _
Bromochloromethane
Bromodichloromethane

4- Bromof]uorobenzene
Bromoform :
Bromomethane

2-Butanone (Methyl ethyl ketone)
Carbon disulfide

Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane - '
2-Chloroethyl vinyl ether
Chloroform

Chloromethane
Dibromomethane
1,4-Dichloro-2-butane
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene

Acetonitrile, Acrolein, Acry]onitri]e

Vb]ati]es

cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
1,4-Difluorobenzene

-Ethanol

Ethylbenzene

Ethyl methacrylate
2-Hexanone

Iodomethane

Methylene chloride
4-Methyl-2-pentanone
Styrene .
1,1,2,2-Tetrachloroethane
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane

. 1,2,3-Trichloropropane
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Table 2-15: Ground Water Monitoring Detection Limits

Analyte Class

Specific Analyte

Detection Limit (ug/L

unless otherwise noted)

Volatile Organic Compdunds

Semivolatile Base/Neutral
Extractable Compounds

Semivolatile Acidic
Extractable Compounds

Metals

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

(continued on next page)
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Table 2-15: Ground Water Monitoring Detection Limits (Continued)

Analyte Class Specific Analyte Detection Limit (ug/L
- unless otherwise noted)

Herbicides, by Method 8150 (capillary column optional)

Chlorobenzilate 60
2,4-D 80
2,4,5-TP 60
2,4-DB . 1.0
2,4,5-T 200
Sulfurous acid, 2- 60

chtoroethyl 2-[4-
(1,1-dimethyl) -
phenoxy]-1-methyl-
ethyl ester
Dioxins and Dibenzofurans, by Method 8280 10 ppt per congener

Anions and Indicator Analyses

Bromide 1000
Chloride 1000
Cyanide ' 10
Fluoride 1000
NH3 300
Nitrate-N - 300
Nitrite-N -300
Phenolics 50
POC 10
POX )
Sulfate . 1000
Sulfide 1000
TOC 1000
TOX 5
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TABLE 2~16.

REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES

1

Name Container Preservation Maximum holding time

Bacterial Tests:

Coliform, fecal and total P, G Cool, 4°C, 0.008% NazS 6 hours

Fecal streptococci P, G Cool, 4°C, 0.008% Nafé% 6 hours
Inorganic Tests:

Acidity P, G Cool, 4°C 14 days

Alkalinity P, G Cool, 4°C 14 days

Amonia P, G Cool, 4°C, l-llSO4 to p2 28 days

Biochemical oxygen demand P, G Cool, 4°C 48 hours

Bromide P, G None required 28 days

Biochemical oxygen demand, P, G Cool, 4°C 48 hours

carbonaceous

Chemical oxygen demand P, G Cool, 4°C,t2804 to pHQ2 28 days

Chloride P, G None requi 28 days

Chlorine, total residual P, G None required Analyze immediately

Color P, G Cool, 4°C 48 hours

P, G

Cyanide, total and amenable

to chlorination
Fluoride

Hardness

Hydrogen ion (pH)

Kjeldahl and organic
nitrogen

Metals:

Chromium VI

Mercury

Metals, except chromium VI
and mercury

Nitrate

Nitrate-nitrite

Nitrite

0il and grease

Organic carbon

Orthophosphate
Oxygen, Dissolved Probe

Winkler

Phenols

Phosphorus (elemental)
Phosphorus, total
Residue, total
Residue, Filterable

Residue, Nonfilterable (TSS) P,

Residue, Settleable
Residue, volatile
Silica

Specific conductance

, Cool, 4°C, NaCH to piD12, 14 days
0.6g ascorbic acid
P None required 28 days
P, G HNOa to pik2, HZSO4 to pH2 6 months
P, G Noné required Analyze immediately
P, G Cool, 4°C, HZSOA to pH2 28 days
P, G Cool, 4°C 24 hours
P, G l-INO3 to pHQ 28 days
P, G HNO3 to pHQ 6 months
P, G Cool, 4°C 48 hours
P, G Cool, 4°C, l-),zSO4 to pHQ 28 days
P, G Cool, 4°C 48 hours
G Cool, 4°C, SOA to pH2 28 days
P, G Cool, 4°C, or H,50, to 28 days
P2
P, G Filter immediately, cool, 4°C 48 hours
G Bottle and top None required Analyze immediately
do Fix on site and store in dark 8 hours
G only Cool, 4°C, HZSOA to pHQ 28 days
G Cool, 4°C 48 hours
P, G Cool, 4°C, HZSO4 to pHQ2 28 days
P, G Cool, 4°C 7 days
P, G Cool, 4°C 7 days
G Cool, 4°C 7 days
P, G Cool, 4°C 48 hours
P, G Cool, 4°C 7 days
P Cool, 4°C 28 days
P, G Cool, 4°C 28 days
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TABLE 2-16. REIHRH)OQHADERS,PNEEQMIKN'DIHNKLES,ANDI(EDDK?TDES(OQUIMED)

Name Container! Preservation Maximm holding time
Sulfate P, G Cool, 4°C 28 days
Sulfide P, G Cool, 4°C, add zinc acetate 7 days.
plus sodium hydroxide to pH>9 :
Sulfite P, G None required " Analyze imediately
Surfactants P, G Cool, 4°C . 48 hours
Temperature P, G None required Analyze
Turbidity P, G Cool, 4°C " 48 hours
Organic Tests: _ ‘ . .
Purgeable Halocarbons G, Teflom-lined Cool, 4°C, 0.008% Na,5,0, 14 days
Purgeable aromatic G, Tefloo-lined = Cool, 4°C, 0.008% Na,$.0,, . 14 days
hydrocarbons =~ septum HCI to pH2 . '
fcrolein and acrylonitrile G, Teflomlined ~ Cool, 4°C, 0.008% Na,S,0,, 14 days
septum Adjust pH to 45
Phenols G, Teflon-lined cap Cool, 4°C, 0.008% Na28203 7 days until extraction,
. ‘ 40 days after extraction
Benzidines . G, Teflon-lined cap . Cool, 4°C, 0.008% N825203' ~. 7 days until extraction
Phthalate esters . G, Teflon-lined cap - Cool, 4°C =~ £ .7 days until extraction
o : o 40 days after extraction
Nitrosamines , G, Teflon-lined cap Cool, 4°C, store in dark, 40 days after extraction
' 0.008% NaS,0, ‘
PCBs, acrylonitrile G, Teflon-lined cap Cool, 4°C = = ~ v 40 days after extraction
Mitroaromatics and’ G, Teflon-lined cap Cool, 4°C, 0.008% Na28203 . - 40 days after extraction
isophorone ‘ . o store in dark )
Polymuclear aromatic G, Teflon-lined cap Cool, 4°C, 0.008% Na,$,0, " 40 days after extraction’
hydrocarbons store in dark '
Haloethers . G, Teflon-lined cap. Cool, 4°C, 0.008% NaZSzO3 40 days after extraction
Chlorinated hydrocarbons G, Teflon-lined cap Cool, 4°C 40 days after extraction
TCOD _ G, Teflon-lined cap -Cool, 4°C, 0.008% Na,S,0, 40 days after extraction
 Total organic halogens G, Teflon-lined cap Gool, 4°C; K50, to 523 7 days
Pesticides Tests: : -
Pesticides - G, Teflon-lined cap Cool, 4°C, pH 59 40 days after extraction
Radiological Tests: ' ‘ '
Alpha, beta and radiun P,G . BN, to pH2 . 6 months
lelyethylene (P) or Glass (G)
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CHAPTER THREE
METALLIC ANALYTES

3.1 SAMPLING CONSIDERATIONS
3.1.1 Introduction

This manual contains procedures for the analysis of metals in a variety
of matrices. These methods are written as specific steps in the overall
analysis scheme -- sample handiing and preservation, sample digestion or
preparation, and sample analysis for specific metal components. From these
methods, the analyst must assemble a total analytical protocol which is
appropriate for the sample to be analyzed and for the information required.
This introduction discusses the options available in general terms, provides
background information on the analytical techniques, and highlights some of
the considerations to be made when selecting a total analysis protocol.

3.1.2 Definition of Terms

Optimum concentration range: A range, defined by limits expressed in
concentration, below which scale expansion must be used and above which curve
correction should be considered. This range will vary with the sensitivity of
the instrument and the operating conditions employed.

Sensitivity: a) Atomic Absorption: The concentration in milligrams of
metal per Titer that produces an absorption of 1%; b) ICP: The slope of the

analytical curve, 1.e., the functional relationship between emission intensity
and concentration.

Method detection limit (MDL): The minimum concentration of a substance
that can be measured and reported with 99% confidence that the analyte
concentration is greater than zero. The MDL is determined from analysis of a

sample in a given matrix containing analyte which has been processed through
the preparative procedure.

. Total recoverable metals: The concentration of metals in an unfiltered
sample following treatment with hot dilute mineral acid (Method 3005).

Dissolved metals: The concentration of metals determined in sample after
the sample is filtered through a 0.45-um filter (Method 3005).

Suspended metals: The concentration of metals determined in the
portion of a sample that is retained by a 0.45-um filter (Method 3005).

Total metals: The concentration of metals determined in a sample
following digestion by Methods 3010, 3020, or 3050.
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Instrument detection limit: The concentration equivalent to a signal due
to the analyte which 1is equal to three times the standard deviation of a

series of 7 replicate measurements of .a reagent blank's signal at the same
wavelength.

Interference check sample (ICP): A solutfon containing both interfering
and analyte elements of known .concentration that can be used to verify
background and interelement correction factors.

Initial calibration verification standard: A certified (EPA or other) or
independently prepared solution used to  verify the accuracy of the initial

calibration. For ICP analysis, it must be run at each wavelength used in the
analysis. ‘ '

Continuing calibration verification: Used to assure calibration accuracy
during each analysis run. It must be run for each analyte at a frequency of
10% or every 2 hrs during the run, whichever 1s more frequent. It must also
be analyzed at the beginning of the run and after the last analytical sample.

Its concentration must be at or near the mid- -range levels of the calibration
curve,

Calibration standards: A series of known standard solutions used by the

analy;t for calibration of the 1nstrument (1.e., preparation of the analytical
curve

Linear dynamic range: The concentration range over which the analytical
curve remains linear.

Preparation blank A volume of Type II water processed through each
sample preparation procedure.

Calibration blank: A volume of Type II water acidified with the same
amounts of acids as were the standards and samples.

Laboratory control standard: A volume of Type II water spiked with known
concentrations of analytes and carried through the preparation and analysis
procedure as a sample. It is used to monitor loss/recovery values.

Method of standard addition: The standard-addition technique involves
the use of the unknown and the ‘unknown plus a known amount of standard. See
Method 7000, Section 8.7 for detailed instructions.

Sample holding time: The storage time allowed between sample collection

and sample analysis when the designated preservation and storage techniques
are employed.

3.1.3 Sample Handling and Preservation

Sample holding times, digestion procedure and suggested collection
volumes are listed in Table 1. The sample volumes required depend upon the
number of different digestion procedures necessary for analysis. This may be TABLE 1,
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AND RECOMMENDED COLLECTION VOLUMES FOR METAL DETERMINATIONS

Digestion
Vol. Req.2 Collection Holding
Measurement (mL) Volume (mL)P Preservative Time

Metals (except hexavalent chromium and mercury):

Total recoverable 100 600 HNO3 to pH {2 6 mo
Dissolved 100 600 Filter on site; 6 mo
HNO3 to pH {2
Suspended 100 600 Filter on site 6 mo
Total 100 600 HNO3 to pH €2 6 mo
Chromium VI: 100 400 Cool, 4°C 24 hr
Mercury:
Total 100 400 HNO3 to pH <2 28 days
Dissolved 100 400 Filtez; HNO3 to 28 days
pH <2

aSo01id samples must be at least 200 g and usually require no preservation
other than storing at 4°C until analyzed.

bEither plastic or glass containers may be used.

determined by the application of graphite-furnace atomic absorption
spectrometry (GFAA), flame atomic absorption spectrometry (FLAA), inductively
coupled argon plasma emission spectrometry (ICP), hydride-generation atomic
absorption spectrometry (HGAA), or cold-vapor atomic absorption spectrometry
(CVAAg techniques, each of which may require different digestion procedures.
The indicated volumes in Table 1 refer to that required for the individual
digestion procedures and recommended sample collection volumes.

In the determination of trace metals, containers can introduce either
positive or negative errors in the measurement of trace metals by (a)
contributing contaminants through 1leaching or surface desorption, and (b)
depleting concentrations through adsorption. Thus the collection and
treatment of the sample prior to analysis require particular attention. The
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following cleaning treatment sequence has been determined to be adequate to
minimize contamination in the sample bottle, whether borosilicate glass,
linear polyethylene, polypropylene, or Teflon: detergent, tap water, 1:1
nitric acid, tap water, 1:1 hydrochloric acid, tap water, and Type II water,
NOTE: Chromic acid should not be used to clean glassware, especially if
chromium is to be included 1in the analytical scheme. Commercial,
non-chromate products (e.g., Nochromix) may be used in place of
chromic acid if adequate cleaning 1is documented by an analytical
quality control program. (Chromic acid should also not be used
with plastic bottles.)

3.1.4 Safety

The toxicity or carcinogenicity of each reagent used: in this method has
not been precisely defined. However, each chemical compound should be treated
as a potential health hazard. From this viewpoint, exposure to these
chemicals must be reduced to the 1lowest possible level by whatever means
available. The laboratory is responsible for maintaining a current awareness
file of OSHA regulations regarding the safe handling of the chemicals
specified in this method. A reference file of material data-handling sheets
should also be made available to all personnel involved 1in the chemical

analysis. Additional references to laboratory safety are available. They
are:

1. "Carcinogens - Working with .Carcinogens,” Department of Health,
Education, and Welfare, Public Health Service, Center for Disease
Control, National Institute for Occupational Safety and Health,
Publication No. 77-206, August 1977.

2. "OSHA Safety and Health Standards, General Industry" (29 CFR 1910),

Occupational Safety and Health Administration, OSHA 2206, revised
January 1976.

3. "Proposed OSHA Safety and Health Standards, Laboratories," Occupational
Safety and Health Administration, Federal Register, July 24, 1986, p. 26660.

4, “"Safety in Academic Chemistry Laboratories,” American Chemical Society
Pubtication, Committee on Chemical Safety, 3rd edition, 1979.
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3.2 SAMPLE PREPARATION METHODS
The methods in SW-846 for sample digestion or preparation are as follows:

Method 3005 prepares ground water and surface water samples for total
recoverable and dissolved metals determination by FLAA or ICP. The unfiltered

or filtered sample is heated with dilute HC1 and HNO3 prior to metal determi-
nation.

Method 3010 prepares waste samples for total metal determination by FLAA
and ICP. The samples are vigorously digested with nitric acid followed by
dilution with hydrochloric acid. The method is applicable to aqueous samples,
EP and mobility-procedure extracts.

Method 3020 prepares waste samples for total metals determination by
furnace GFAA. The samples are vigorously digested with nitric acid followed
by dilution with nitric acid. The method is applicable to aqueous samples, EP
and mobility-procedure extracts.

Method 3040 prepares oily waste samples for soluble metals determination
by AA and ICP methods. The samples are dissolved and diluted in organic
solvent prior to analysis. The method is applicable to the organic extract in

the oily waste EP procedure and other samples high in oil, grease, or wax
content.

Method 3050 prepares waste samples for total metals determination by AA
and ICP. The samples are vigorously digested 1in nitric acid and hydrogen
peroxide followed by dilution with either nitric or hydrochloric acid. The
method is applicable to soils, sludges, and solid waste samples.
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METHOD 3005

ACID DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR
DISSOLVED METALS FOR ANALYSIS BY FLAA OR _ICP SPECTROSCOPY

1.0 SCOPE AND APPLICATION

1.1 Method 3005 is an acid digestion procedure used to prepare surface
water and ground water samples for analysis by flame atomic absorption
spectroscopy (FAA) or by inductively coupled argon plasma spectroscopy (ICP).
Samples prepared by Method 3005 may be analyzed by AAS or ICP for the

following metals:

Aluminum Magnesium
Antimony Manganese
Arsenic* Molybdenum
Barium Nickel
Beryllium Potassium
Cadmium Selenium*
Calcium Silver
Chromium Sodium
Cobalt Thallium
Copper Vanadium
Iron Zinc
Lead

*ICP only

1.2 For the analysis of total dissolved metals, the samplie is filtered
at the time of collection, prior to acidification with nitric acid.

2.0 SUMMARY OF METHOD

2.1 Total recoverable metals:

time of collection with nitric acid.
heated with acid and substantially reduced in volume.
filtered and diluted to volume, and is then ready for analysis.

2.2 Dissolved metals:

the time of collection and the liquid phase
collection with nitric acid.
with acid and substantially reduced

The entire sample
At the time of analysis the sample is

is acidified at the
The digestate 1is

The sample is filtered through a 0.5 um filter at

is then acidified at the time of

At the time of analysis the sample is heated
in volume.

The digestate 1s again

filtered (if necessary) and diluted to volume and is then ready for analysis.
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3.0 INTERFERENCES

3.1 The analyst should be cautioned that this digestion procedure may
not be sufficiently vigorous to destroy some metal complexes.

4,0 APPARATUS AND MATERIALS

4.1 Griffin beakers of assorted sizes.

4.2 Watch glasses.

4.3 Qualitative'filter paper and filter funnels.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM 01193) Water should be monitored for
impurities.

5.2 Concentrated nitric acid, reagent grade (HN03) Acid should be

analyzed to determine level of impurities. If method blank is {MDL, then acid
can be used.

5.3 Concentrated hydrochloric-acid, reagent grade (HC1): Acid should be

analyzed .to determine level of 1mpur1t1es. If method blank is {MDL, then acid
can be used. .

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a samp]ihg plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Sampling:

6.3.1 Total recoverable metals: All samples must be acidified at
the time of collection with HNO3 (5 mL/L).

6.3.2 Dissolved metals: All samples must be filtered through a 0.5
%m fi}tgr and then acidified at the time of collection with HNO3
5 mL/L .
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7.0 PROCEDURE
7.1 Transfer a 100-mL aliquot of well-mixed sample to a beaker.

7.2 For metals that are to be analyzed by FLAA or ICP, add 2 mL of
concentrated HNO3 and 5 mL of concentrated HCl. The sample is covered with a
ribbed watch glass and heated on a steam bath or hot plate at 90 to 95°C until
the volume has been reduced to 15-20 mL.

CAUTION: Do not boil. Antimony 1is easily lost by volatilization from

hydrochloric acid media.

7.3 Remove the beaker and allow to cool. Wash down the beaker walls
and watch glass with Type II water and, when necessary, filter or centrifuge
the sample to remove silicates and other 1insoluble material that could clog
the nebulizer. Filtration should be done only if there is concern that
insoluble materials may clog the nebulizer; this additional step is 1iable to
cause sample contamination unless the filter and filtering apparatus are
thoroughly cleaned and prerinsed with dilute HNO3.

7.4 Adjust the final volume to 100 mL with Type II water,

8.0 QUALITY CONTROL

8.1 For each analytical batch of samples processed, blanks (Type II
water and reagents) should be carried throughout the entire sample preparation
and analytical process. These blanks will be useful in determining if samples
are being contaminated.

8.2 Duplicate samples should be processed on a routine basis. A
duplicate sample is a sample brought through the whole sample preparation and
analytical process. Duplicate samples will be used to determine precision.
The sample load will dictate the frequency, but 20% is recommended.

8.3 Spiked samples or standard reference materials should be employed to

determine accuracy. A spiked sample should be included with each group of
samples processed and whenever a new sample matrix is being analyzed.

9.0 METHOD PERFORMANCE
9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOOD 300S
ACIO DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR
DISSOLVED METALS FOR ANALYSIS 8Y FLAA OR ICP SPECTROSCOPY
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7t ]
Transfer
aliquot of
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reduce volume

7.3
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METHOD 3010

ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS FOR
TOTAL METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY

1.0 SCOPE AND APPLICATION

1.1 This digestion procedure is wused for the preparation of aqueous
samples, EP and mobility-procedure extracts, and wastes that contain suspended

solids for analysis, by FLAA or ICP,

for the metals listed below. The

procedure is used to determine total metals.

1.2 Samples prepared by Method 3010 may be analyzed by FLAA or ICP for

the following:

Aluminum Lead
Arsenic Magnesium
Barium . Manganese
Beryllium Molybdenum
Cadmium Nickel
Calcium Potassium
Chromium Selenium
Cobalt Sodium
Copper Thallium
Iron Vanadium
Zinc

NOTE: See Method 7760 for FLAA preparation for Silver.

1.3 This digestion procedure is not suitable for samples which will be
analyzed by graphite furnace atomic absorption spectroscopy because
hydrochloric acid can cause interferences during furnace atomization.

2.0 SUMMARY OF METHOD

2.1 A mixture of HNO3 and the material to be analyzed is refluxed in a
covered Griffin beaker. This step is repeated with additional portions of
HNO3 until the digestate is light in color or until its color has stabilized.
After the digestate has been brought to a low volume, it is refluxed with HC1
and brought up to volume. If sample should go to dryness, it must be
discarded and the sample reprepared.

3.0 INTERFERENCES

3.1 Interferences are discussed in the referring analytical method.

3010 -1

Revision 0
Date September 1986




4.0 APPARATUS AND MATERIALS

4.1 Griffin beakers: 150-mL.
4,2 Watch glasses: Ribbed and plain.
4,3 Qualitative filter paper or centrifugation equipment.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water shou]d be monitored for
impurities. - '

5.2 Concentrated nitric acid, reagént grade - (HNO ): Acid should be
analyzed to determine levels of impurities. If method blank is {MDL, the acid
can be used.

5.3 Hydrochloric acid, reagent grade (1:1 HC1): - Prepared from Type II
water and hydrochloric acid. Hydrochloric acid should be analyzed to
determine level of impurities. If method blank is {MDL, the acid can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable. See Chapter
Three, Section 3.1.3, for further information. :

6.3 Aqueous wastewaters must be acidified to a pH of {2 with HNO3.

6.4 Nonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible. :

7.0 PROCEDURE

7.1 Transfer a 100-mL representative aliquot of the well-mixed sample to
a 150-mL Griffin beaker and add 3 mL of concentrated HNO3. Cover the beaker
with a ribbed watch glass. Place the beaker on a hot plate and cautiously
evaporate to a low volume (5 mL), making certain that the sample does not boil
and that no portion of the bottom of the beaker is allowed to go dry. Cool
the beaker and add another 3-mL portion of concentrated HNO3. Re-cover the
beaker with a nonribbed watch glass and return to the hot plate. Increase the
temperature of the hot plate so that a gentle reflux action occurs.

NOTE: If a sample is allowed to go to dryness, low recoveries will

result. Should this occur, discard the sample and reprepare.
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7.2 Continue heating, adding additional acid as necessary, until the
digestion is complete (generally 1indicated when the digestate is light in
color or does not change 1in appearance with continued refluxing). Again,
uncover the beaker or use a ribbed watch glass, and evaporate to a low volume
(3 mL), not allowing any portion of the bottom of the beaker to go dry. Cool
the beaker. Add a small quantity of 1:1 HC1 (10 mL/100 mL of final solution)
and warm the beaker for an additional 15 min to dissolve any precipitate or
residue resulting from evaporation.

7.3 Wash down the beaker walls and watch glass with Type II water and,
when necessary, filter or centrifuge the sample to remove silicates and other
insoluble material that could clog the nebulizer. Filtration should be done
only if there is concern that insoluble materials .may clog the nebulizer.
This additional step can cause sample contamination unless the filter and
filtering apparatus are thoroughly cleaned and prerinsed with dilute HNO3.
Adjust to the final volume of 100 mL with Type II water. The sample is now
ready for analysis.

8.0 QUALITY CONTROL

8.1 For each analytical batch of samples processed, blanks (Type II
water and reagents) should be carried throughout the entire sample-preparation

and analytical process. These blanks will be useful in determining 1f samples
are being contaminated.

8.2 Duplicate samples should be processed on a routine basis. A
duplicate sample is a sample brought through the whole sample preparation and
analytical process. Duplicate samples will be used to determine precision.
The sample load will dictate the frequency, but 20% is recommended.

8.3 Spiked samples or standard reference materials should be employed to
determine accuracy. A spiked sample should be included with each group of
samples processed and whenever a new sample matrix is being analyzed.

8.4 The method of standard addition shall be used for the analysis of
all EP extracts (see Method 7000, Section 8.7).

9.0 METHOD PERFORMANCE
9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOD 3010
ACIO DIGESTION PROCEDURE FOR FLAME ATOMIC ABSORPTION SPECTYROSCOPY
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METHOD 3020

ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS
FOR TOTAL METALS FOR ANALYSIS BY GFAA SPECTROSCOPY

1.0 SCOPE AND APPLICATION

1.1 This digestion procedure is wused for the preparation of aqueous
samples, mobility-procedure extracts, and wastes that contain suspended solids
for analysis by furnace atomic absorption spectroscopy (GFAA) for the metals

listed below. The procedure is used to determine the total amount of the
metal in the sample.

1.2 Samples prepared by Method 3020 wmay be analyzed by GFAA for the
following metals:

Beryllium Lead
Cadmium Molybdenum
Chromium Thallium
Cobalt Vanadium

NOTE: For the digestion and GFAA analysis of arsenic and selenium, see

Methods 3050, 7060, and 7740. For digestion and GFAA analysis of
silver, see Method 7761.

2.0 SUMMARY OF METHOD

2.1 A mixture of nitric acid and the material to be analyzed is refluxed
in a covered Griffin beaker. This step is repeated with additional portions
of nitric acid until the digestate is Tlight in color or until its color has
stabilized. After the digestate has been brought to a low volume, it is
cooled and brought up in dilute nitric acid such that the final dilution

contains 3% (v/v) HNO3. If the sample contains suspended solids, it must be
centrifuged, filtered, or allowed to settle.

3.0 INTERFERENCES

3.1 Interferences are discussed in the referring analytical method.

4.0 APPARATUS AND MATERIALS

4,1 Griffin beakers: 150-mL.
4,2 Watch glasses.

4,3 Qualitative filter paper or centrifugation equipment.
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5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): . Water should be monitored for
impurities. ‘ ’

5.2 Concentrated nitric acid, reagent grade (HNO3): Acid should be
analyzed to determine Tevels of impurities. If method blank is {MDL, the acid
can be used.

6.0 SAMPLE“COLLECTION, PRESERVATION, AND HANDLING .

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

‘6.2 All sample containefs must be' prewashed with detergents, écids, and
Type II water. Plastic and glass containers are both suitable. See Chapter
Three; Section 3.1.3, for further information. ‘

6.3 Adueous wastewaters must be acidified to a pH of {2 with HNO3.

6.4 Nonaqueous samples shall be refrigerated, when. possible, and
analyzed as soon as possible. . ‘ . _

7.0 PROCEDURE -

7.1 Transfer a 100-mL representative aliquot of the well-mixed sample to
a 150-mL Griffin beaker and add 3 mL of concentrated HNO3. Cover the beaker
with a ribbed watch glass. "Place the- beaker on a hot plate and cautiously
evaporate to a low volume (5 mL), making certain that the sample does not boil
and that no portion of the bottom of the beaker is allowed to go dry. Cool
the beaker and add another 3-mL portion of concentrated HNO3. Re-cover the
beaker with a non-ribbed watch glass and return to the hot plate. Increase
the temperature of the hot plate so that a gentle reflux action occurs.

7.2 Continue heating, adding additional acid as necessary, until the
digestion is complete (generally indicated when the digestate is light in
color or does not change 1in appearance with continued refluxing). When the
digestion is complete, evaporate to a low volume (3 mL); use a ribbed watch
glass, not allowing any portion of the bottom of the beaker to go dry. Remove
the beaker and add approximately 10 mL of Type II water, mix, and continue

warming the beaker for 10 to 15 min to allow additional solubilization of any
residue to occur,

7.3 Remove the beaker from the hot plate and wash down the beaker walls
and watch glass with Type II water. When necessary, filter or centrifuge the
sample to remove silicates and other insoluble material that may interfere
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with injecting the sample into the graphite atomizer. (This additional step
can cause sample contamination unless the filter and filtering apparatus are
thoroughly cleaned and prerinsed with dilute HNO3.) Adjust to the final
volume of 100 mL with Type II water. The sample is now ready for analysis.

8.0 QUALITY CONTROL

8.1 For each group of samples processed, preparation blanks (Type II
water and reagents) should be carried throughout the entire sample preparation
and analytical process. These blanks will be useful in determining if samples
are being contaminated.

8.2 Duplicate sampies should be processed on a routine basis. Duplicate
samples will be used to determine precision. The sample load will dictate the
frequency, but 20% is recommended.

8.3 Spiked samples or standard reference materials should be employed to
determine accuracy. A spiked sample should be included with each group of
samples processed and whenever a new sample matrix is being analyzed.

8.4 The concentration of all calibration standards should be verified
against a quality control check sample obtained from an outside source.

8.5 The method of standard addition shall be used for the analysis of
all EP extracts. See Method 7000, Section 8.7, for further information.

9.0 METHOD PERFORMANCE
9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOD 3020
ACID DIGESTION FOR AQUEOUS SAMPLES AND EXTRACTS
FOR YOTAL METALS FOR ANALYSIS BY GFAA SPECTROSCOPY
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METHOD 3040
DISSOLUTION PROCEDURE FOR OILS, GREASES, OR WAXES

1.0 SCOPE AND APPLICATION

1.1 Method 3040 is used for the preparation of samples containing oils,
greases, or waxes for analysis by atomic absorption spectroscopy (AAS) or

inductively coupled argon plasma emission spectroscopy (ICP) for the following
metals:

Antimony Iron
Beryllium Manganese
Cadmium Nickel
Chromium Vanadium
Copper

1.2 This method is a solvent dissolution procedure, not a digestion
procedure. This procedure can be very useful 1in the analysis of crude oil,
but with spent or used oil high in particulate material it is less effective;
most particulate material is not dissolved, and therefore the analysis is not
a "total" metal determination. Because the highest percentage of metals is
expected to be contained 1in the particulate material, oil analysis using

Method 3040 will not provide an adequate estimate of the total metals
concentration. :

2.0 SUMMARY OF METHOD

2.1 A representative sample 1is dissolved in an appropriate solvent
(e.g., xylene or methyl isobutyl ketone). Organometallic standards are

prepared using the same solvent, and the samples and standards are analyzed by
AAS or ICP.

3.0 INTERFERENCES

3.1 Diluted samples and diluted organometallic standards are often

unstable. Once standards and samples are diluted, they should be analyzed as
soon as possible.

3.2 Solvent blanks should be used to rinse nebulizers thoroughiy
following aspiration of high concentration standards or samples.

3.3 Viscosity differences can result in different rates of sample
introduction; therefore, all analyses shall be performed by the method of

standard addition. Peristaltic pumps often prove useful when analysis is
performed by ICP.
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4.0 APPARATUS AND MATERIALS

4.1 Volumetric glassware.

4,2 Balance.

4.3 Atomié absorption spectrometer: With an auxiliary oxidant control
and a mechanism for background correction.

4.4 Inductively coupled argon plasma emission spectrometer system: With
a mechanism for background correction - and interelement 1interference
correction. A peristaltic pump is optional.

5.0 REAGENTS
5.1 Methyl isobutyl ketone (MIBK).

5.2 Xylene.

5.3 Organometallic standards (two possible sources are Conostan
Division, Conoco Speciality Products, Inc., P.0. Box 1267, Ponca City, OK
74601, and the U.S. Department of Commerce, National Bureau of Standards,
Washington, DC 20234).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Samples shall be stored in an undiluted state at room temperature.

6.3 Samples should be processed and analyzed as soon as possible.

7.0 PROCEDURE

7.1 Weigh out a 2-g representative sample of the waste or extract.
Separate and weigh the phases if more than one phase is present.

7.2 MWeigh an aliquot of the organic phase and dilute the aliquot in the
appropriate solvent. Warming facilitates the subsampling of crude-type oils
and greases and wax-type wastes. Xylene is usually the preferred solvent for
longer-chain hydrocarbons and for most analyses performed by ICP. The longer-
chain hydrocarbons usually require a minimum of a 1:10 dilution, and lighter
oils may require only a 1:5 dilution if low detection limits are required.

7.3‘ A1l metals must be analyzed by the method of standard additions.
Because the method of 'standard additions can account only for multiplicative
interferences (matrix or physical 1interferences), the analytical program must
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account for additive interference (nonspecific absorption and scattering in
AAS and nonspecific emissifon and {interelement interference in ICP) by
employing background correction.

7.4 Sample preparation for the method of standard additions can be
performed on a weight or volume basis. Sample aliquots of viscous wastes
should be weighed. Weigh i{dentical amounts of the sample into three wide-
mouth vials. Dilute the first vial such that the final concentration falls on
the lower end of the linear portion of the calibration curve and significantly
above the detection limit. Add sufficient standard to the second aliquot to
increase the sample concentration by approximately 50%. Adjust the third
sample concentration so that it is approximately twice that of the first. The

second and third aliquots are then diluted to the same final volume as the
. first aliquot.

7.5 Set up and calibrate the analytical instrumentation according to the
manufacturer's directions for nonaqueous samples.

7.6 Report data as the weighted average for all sample phases.

8.0 QUALITY CONTROL

8.1 Preparation blanks (e.g., Conostan base oil or mineral oil plus
reagents) should be carried through the complete sample-preparation and
analytical process on a routine basis. These blanks will be useful in
detecting and determining the magnitude of any sample contamination.

8.2 Duplicate samples should be processed on a routine basis. Dup]icaté
samples will be used to determine precision. The sample load will dictate the
frequency, but 20% is ‘recommended.

8.3 Samples and standards should be diluted as closely as possible to
the time of analysis.

8.4 All analyses must be performed by the method of standard additions.
See Method 7000, Section 8.7, for further information.

8.5 Data must be corrected for background absorption and emission and
interelement interferences.

9.0 METHOD PERFORMANCE
9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOD 3050
ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS

1.0 SCOPE AND APPLICATION

1.1 This method is an acid digestion procedure used to prepare sedi-
ments, sludges, and soil samples for analysis by flame or furnace atomic
absorption spectroscopy (FLAA and GFAA, respectively) or by inductively
coupled argon plasma spectroscopy (ICP). Samples prepared by this method may
be analyzed by ICP for all the listed metals, or by FLAA or GFAA as indicated
below (see also Paragraph 2.1):

FLAA GFAA
Aluminum Magnesium Arsenic
Barium Manganese Beryllium
Beryllium Molybdenum Cadmium
Cadmium Nickel Chromium
Calcium Potassium Cobalt
Chromium Sodium Iron
Cobalt Thallium Molybdenum
Copper Vanadium Selenium
Iron Zinc Thallium
Lead Vanadium

2.0 SUMMARY OF METHOD

2.1 A representative 1- to 2-g (wet weight) sample is digested in nitric
acid and hydrogen peroxide. The digestate is then refluxed with either nitric
acid or hydrochloric acid. Dilute hydrochloric acid is used as the final
reflux acid for (1) the ICP analysis of As and Se, and (2) the flame AA or ICP
analysis of Al, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe, Mo, Pb, Ni, K, Na, T1, V, and
IZn. Dilute nitric acid is employed as the final dilution acid for the furnace
AA analysis of As, Be, Cd, Cr, Co, Pb, Mo, Se, T1, and V. A separate sample
shall be dried for a total solids determination.

3.0 INTERFERENCES

3.1 Sludge samples can contain diverse matrix types, each of which may
present its own analytical challenge. Spiked samples and any relevant
standard reference material should be processed to aid in determining whether
Method 3050 is applicable to a given waste.
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4.0 APPARATUS AND MATERIALS

1 Conical Phillips beakers: 250-mL.
2 Watch glasses.

3 Drying ovens: That can be maintained at 30°C.
.4 Thermometer: That covers range of 0 to 200°C.
5 Whatman No. 41 filter paper (or equivalent).

6 Centrifuge and centrifuge tubes.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities. .

5.2 Concentrated nitric_acid, reagent grade (HNO3): Acid should be
analyzed to determine level of impurities. If method blank is <{MDL, the acid
can be used.

5.3 Concentrated hydrochloric acid, reagent grade (HC1): Acid should be

analyzed to determine level of impurities. If method blank is {MDL, the acid
can be used.

5.4 Hydrogen peroxide (30%) (H207): Oxidant should be analyzed to
determine level of impurities. .

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable. See Chapter
Three, Section 3.1.3, for further information.

6.3 Nonaqeuous samples shall be refrigerated upon receipt and analyzed
as soon as possible. '

7.0 PROCEDURE

7.1 Mix the sample thoroughly to achieve homogeneity. For each
digestion procedure, weigh to the nearest 0.01 g and transfer to a conical
beaker a 1.00- to 2.00-g portion of sample.

7.2 Add 10 mL of 1:1 HNO3, mix the slurry, and cover with a watch glass.
Heat the sample to 95°C and reflux for 10 to 15 min without boiling. Allow
the sample to cool, add 5 mL of concentrated HNO3, replace the watch glass,
and reflux for 30 min. Repeat this last step to ensure complete oxidation.

3050 - 2
Revision 0
Date September 1986




Using a ribbed watch glass, allow the solution to evaporate to 5 mL without

boiling, while maintaining a covering of solution over the bottom of the
beaker.

7.3 After Step 7.2 has been completed and the sample has cooled, add 2
mL of Type II water and 3 mL of 30% Hp02. -Cover the beaker with a watch glass
and return the covered beaker to the hot plate for warming and to start the
peroxide reaction. Care must be taken to ensure that losses do not occur due

to excessively vigorous effervescence. Heat until effervescence subsides and
cool the beaker.

7.4 Continue to add 30% H202 in 1-mL aliquots with warming until the
effervescence is minimal or until the general sample appearance is unchanged.
NOTE: Do not add more than a total of 10 mL 30% H202.

7.5 If the sample is being prepared for (a) the ICP analysis of As and
Se, or (b) the flame AA or ICP analysis of Al, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe,
Pb, Mg, Mn, Mo, Ni, K, Na, T1, V, and Zn, then add 5 mL of concentrated HCl
and 10 mL of Type II water, return the covered beaker to the hot plate, and
reflux for an additional 15 wmin without boiling. After cooling, dilute to
100 mL with Type II water. Particulates 1in the digestate that may clog the

nebulizer should be removed by filtration, by centrifugation, or by allowing
the sample to settle.

7.5.1 Filtration: Filter through Whatman No. 41 filter paper (or
equivalent) and dilute to 100 mL with Type II water.

7.5.2 Centrifugation: Centrifugation at 2,000-3,000 rpm for 10 min
is usually sufficient to clear the supernatant.

7.5.3 The diluted sample has an approximate acid concentration of

5.0% (v/v) HC1 and 5.0% (v/v) HNO3. The sample 1is now ready for
analysis.

7.6 If the sample is being prepared for the furnace analysis of As, Be,
¢d, Cr, Co, Pb, Mo, Se, T1, and V, cover the sample with a ribbed watch glass
and continue heating the acid-peroxide digestate until the volume has been
reduced to approximately 5 mL. After cooling, dilute to 100 mL with Type II
water. Particulates in the digestate should then be removed by filtration, by
centrifugation, or by allowing the sample to settle.

7.6.1 Filtration: Filter through Whatman No. 41 filter paper (or
equivalent) and dilute to 100 mL with Type II water.

7.6.2 Centrifugation: Centrifugation at 2,000-3,000 for 10 min is
usually sufficient to clear the supernatant.

7.6.3 The diluted digestate solution contains approximately 5%
(v/v) HNO3. For analysis, withdraw aliquots of appropriate volume and

add any required reagent or matrix modifier. The sample is now ready for
analysis.
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7.7 Calculations:

7.7.1 The concentrations determined are to be reported on the basis
of the actual weight of the sample. If a dry weight analysis is desired,
then the percent solids of the sample must also be provided.

7.7.2 1If percent solids 1is desired, a  separate determination of
percent solids must be performed on a homogeneous aliquot of the sample.

8.0 QUALITY CONTROL

8.1 For each group of samples processed, preparation blanks (Type II
water and reagents) should be carried throughout the entire sample preparation

and analytical process. These blanks will be useful in determining if samples
are being contaminated.

8.2 Duplicate samples should be processed on a routine basis. Duplicate
samples will be used to determine precision. The sample load will dictate the
frequency, but 20% is recommended.

8.3 Spiked samples or standard reference materials must be employed to
" determine accuracy. A spiked sample should be included with each group of

samples processed and whenever a new sample matrix is being analyzed.

8.4 The concentration of all calibration standards should be verified
against a quality control check sample obtained from an outside source..

9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOD 30S0
ACIDO OIGESTION OF SEDIMENTS, SLUOGES. AND SOILS
(Continued)
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3.3 METHODS FOR DETERMINATION OF METALS

This manual contains six analytical techniques for trace metal
determinations: {inductively coupled argon plasma emission spectrometry (ICP),
direct-aspiration or flame atomic absorption spectrometry (FAA), graphite-
furnace atomic absorption spectrometry (GFAA), hydride-generation atomic
absorption- spectrometry (HGAA), cold-vapor atomic absorption spectrometry
(CVAA), and several procedures for hexavalent chromium analysis. Each of

these is briefly discussed below in terms of advantages, disadvantages, and
cautions for analysis of wastes.

ICP's primary advantage 1is that it allows simultaneous or rapid
sequential determination of many elements in a short time. The primary
disadvantage of ICP is background radiation from other elements and the plasma
gases. Although all ICP 1instruments utilize high-resolution optics and back-
ground correction to minimize these interferences, analysis for traces of
metals in the presence of a large excess of a single metal is difficult.
Examples would be traces of metals in an alloy or traces of metals in a 1imed
(high calcium) waste. ICP and Flame AA have comparable detection limits
(within a factor of 4) except that ICP exhibits greater sensitivity for
refractories (A1, Ba, etc.). Furnace AA, in general, will exhibit lower
detection limits than either ICP or FLAA.

Flame AAS (FLAA) determinations, as opposed to ICP, are normally
completed as single element analyses and are relatively free of interelement
spectral interferences. Either a nitrous-oxide/acetylene or air/acetylene
flame 1s used as an energy source for dissociating the aspirated sample into
the free atomic state making analyte atoms available for absorption of light.
In the analysis of some elements the temperature or type of flame used is

critical. If the proper flame and analytical conditions are not used,
chemical and jonization interferences can occur.

Graphite Furnace AAS (GFAA) replaces the flame with an electrically
heated graphite furnace. The furnace allows for gradual heating of the sample
aliquot in several stages. Thus, the processes of desolvation, drying,
decomposition of organic and inorganic molecules and salts, and formation of
atoms which must occur in a flame or ICP in a few milliseconds may be allowed
to occur over a much longer time period and at controlled temperatures in the
furnace. This allows an experienced analyst to remove unwanted matrix
components by using temperature programming and/or matrix modifiers. The
major advantage of this technique 1is that it affords extremely low detection
limits. It is the easiest to perform on relatively clean samples. Because
this technique is so sensitive, interferences can be a real problem; finding
the optimum combination of digestion, heating times and temperatures, and
matrix modifiers can be a challenge for complex matrices.
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Hydride AA utilizes a chemical reduction to reduce and separate arsenic
or selenium selectively from a sample digestate. The technique therefore has
the advantage of being able to isolate these two elements from complex samples
which may cause interferences for other analytical procedures. Significant
interferences have been reported when any of the following is present: 1)
easily reduced metals (Cu, Ag, Hg); 2) high concentrations of transition

metals (D200 mg/L); 3) oxidizing agents (oxides of nitrogen) remaining
following sample digestion.

Cold-Vapor AA uses a chemical reduction to reduce mercury selectively.
The procedure is extremely sensitive but is subject to interferences from some
volatile organics, chlorine, and sulfur compounds.
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'METHOD 6010
INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION SPECTROSCOPY

1.0 SCOPE AND APPLICATION

1.1 Inductively coupled plasma atomic emission spectroscopy (ICP)
determines elements including metals in solution. The method is applicable to
a large number of metals and wastes. All matrices, including ground water,
aqueous samples, EP extracts, industrial wastes, soils, sludges, sediments,
and other solid wastes, require digestion prior to analysis.

1.2 Elements for which Method 6010 is applicable are listed in Table 1.
Detection 1imits, sensitivity, and optimum ranges of the metals will vary with
the matrices and model of spectrometer, The data shown in Table 1 provide
concentration ranges for clean aqueous samples. Use of this method is

restricted to spectroscopists who are knowledgeable 1in the correction of
spectral, chemical, and physical interferences.

1.3 The method of standard addition (MSA) (Paragraph 8.5.3) shall be
used for the analysis of all EP extracts and sample digests unless either
serial dilution or matrix spike addition demonstrates that it is not required.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, samples must be solubilized or digested using
appropriate Sample Preparation Methods (e.g., Methods 3005-3050).

2.2 Method 6010 describes the simultaneous, or sequential, multiele-
mental determination of elements by ICP. The method measures element-emitted
light by optical spectrometry. Samples are nebulized and the resulting
aerosol is transported to the plasma torch. Element-specific atomic-line
emission spectra are produced by a radio-frequency inductively coupled plasma.
The spectra are dispersed by a grating spectrometer, and the intensities of
the lines are monitored by photomultiplier tubes. Background correction is
required for trace element determination. Background must be measured
adjacent to analyte lines on samples during analysis. The position selected
for the background-intensity measurement, on either or both sides of the
analytical line, will be determined by the complexity of the spectrum adjacent
to the analyte line. The position used must be free of spectral interference
and reflect the same change in background intensity as occurs at the analyte
wavelength measured. Background correction is not required in cases of line
broadening where a background correction measurement would actually degrade
the analytical result. The possibility of additional interferences named in
Section 3.0 should also be recognized and appropriate corrections made; tests
for their presence are described in Section 8.5. ‘
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TABLE 1. RECOMMENDED WAVELENGTHS AND ESTIMATED INSTRUMENTAL DETECTION LIMITS

Estimated Detection

Element Wavelength2 (nm) Limitd (ug/L)
Aluminum ' 308.215 45
Antimony ' , 206.833 ' 32
Arsenic . 193.696 ' : ' 53
Barium’ ' 455,403 - 2
Beryllium - 313.042 , 0.3
Boron _ 249.773 7 5
Cadmium. . 226.502 4
Calcium 317.933 ‘ 10
Chromium o 267.716 7

" Cobalt 228.616 7
Copper _ - a 324,754 6
Iron ‘ 259.940 7
Lead ' 220.353 42
Magnesium : - 279.079 30
Manganese + 257.610 2
Molybdenum - 202.030 - 8
Nickel 231.604 15
Potassium _ 766.491 See note ¢
Selenium 196.026 : 75
Silicon 288.158 58
Silver 328,068 7
Sodium - 588.995 - 29
Thallium 190.864 40
Vanadium 292.402 8

Zinc . 213.856 2

aThe wavelengths listed are recommended because of their sensitivity and
overall acceptance., Other wavelengths may be substituted 1f they can provide
the needed sensitivity and are treated with the same corrective techniques for
spectral interference (see Paragraph 3.1). In time, other elements may be
added as more information becomes available and as required.

bThe estimated instrumental detection limits shown are taken from
Reference 1 in Section 10.0 below. They are given as a guide for an
instrumental limit. The actual method detection limits are sample dependent
and may vary as the sample matrix varies.

CHighly dependent on operating conditions and pldsma position.
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3.0 INTERFERENCES

3.1 Spectral interferences are caused by: (1) overlap of a spectral
l1ine from another element; (2) unresolved overlap of molecular band spectra;
(3) background contribution from continuous or recombination phenomena; and
(4) stray 1light from the 1line emission of high-concentration elements.
Spectral overlap can be compensated for by computer-correcting the raw data
after monitoring and measuring the interfering element. Unresolved overlap
requires selection of an alternate wavelength. Background contribution and

stray light can usually be compensated for by a background correction adjacent
to the analyte line.

Users of simultaneous multielement instruments must verify the absence of
spectral interference from an element in a sample for which there is no
instrument detection channel. Potential spectral interferences for the
recommended wavelengths are given in Table 2. The data in Table 2 are
intended as rudimentary guides for 1{indicating potential interferences; for

this purpose, 1inear relations between concentration and intensity for the
analytes and the interferents can be assumed.

L 4

3.1.1 The interference 1is expressed as analyte concentration
equivalents (i.e., false analyte concentrations) arising from 100 mg/L of
the interference - element. For example, assume that As 1{s to be
determined (at 193.696 nm) in a sample containing approximately 10 mg/L
of Al. According to Table 2, 100 mg/L of Al would yield a false signal
for As equivalent to approximately 1.3 mg/L. Therefore, the presence of
10 mg/L of Al would result in a false signal for As equivalent to
approximately 0.13 mg/L. The user 1is cautioned that other instruments
may exhibit somewhat different levels of interference than those shown in
Table 2. The interference effects must be evaluated for each individual
instrument since the intensities will vary with operating conditions,
power, viewing height, argon flow rate, etc.

3.1.2 The dashes in Table 2 indicate that no measurable
interferences were observed even at higher interferent concentrations.
Generally, interferences were discernible if they produced peaks, or

background shifts, corresponding to 2 to 5% of the peaks generated by the
analyte concentrations.

3.1.3 At present, information on the 1listed silver and potassium
wavelengths is not available, but it has been reported that second-order

energy from the magnesium 383.231-nm wavelength interferes with the
listed potassium line at 766.491 nm.

3.2 Physical interferences are effects associated with the sample
nebulization and transport processes. Changes 1in viscosity and surface
tension can cause significant inaccuracies, especially in samples containing
high dissolved solids or high acid concentrations. If physical interferences
are present, they must be reduced by diluting the sample, by using a
peristaltic pump or by using the standard additions method. Another problem
that can occur with high dissolved solids is salt buildup at the tip of the
nebulizer, which affects aerosol flow rate and causes instrumental drift. The
problem can be controlled by wetting the argon prior to nebulization, using a
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TABLE 2. ANALYTE CONCENTRATION EQUIVALENTS ARISING FROM INTERFERENCE
AT THE 100-mg/L LEVEL '

Interferent a,b
Wavelength -
Analyte (om) Al Ca Ct O Fe M M N TI V
Aluninum 308.215 — = - = = =02 - - 14
Antimony 206.833 047 — 2.9 — 008 — — — 0.25 045
Arsenic ].930696 103 - OOM — a—— — b — — 1.l
Barium 455403 - = = = = = = = = -
Beryllium 313.042 - = = = = = = — 0.04 005"
&)mn 21090773 0-04 - - -_— 0032 -_— - - — —
Cadmium 226,502 - - = =003 = —-002 - -
Calcium 317.933 — — 0.08 — 0.01 001 0.06 — 0.03 0.3
Chromium 267.716 — - = = 0003 — 004 - — 004
Cobalt 228.616 — — 003 — 0905 — — 003 015 —
Copper 324.754 — = = = 0003 = = — 005 0.02
Iron 259.940 - - = = = =02 = = =
Lead 220.353 07 — — = = - = = - -
Magnesium 279.079 — 002 0.1 — 0.3 — 0.25 — 0.07 0.12
Manganese 257.610 0.005 — 0.01 — 040020002 — — — —
Molybdenum 202.030 005 — — =003 - = = = -
Nickel 231 .604 - - = = = - = = = -
Silicon 288.158 - =007 - = - = = =040
Sodium 588,995 & @ @0— —= = = = = = —0,08 -
Thallium 190.864 030 — — - = - = = = =
Vanadium 292402 — = 005 — 0005 — — — 002 —

aDashes; indicate that no interference was observed even when interferents
were introduced at the following levels:

Al - 1000 mg/L, Mg - 1000 mg/L,
Ca - 1000 mg/L, Mn - 200 mg/L,
Cr - 200 mg/L, T1 - 200 mg/L,
Cu - 200 mg/L V- 200 mg/L

Fe - 1000 mg/L

b‘I‘he figures recorded as analyte concentrations are not the actual
observed concentratiouns; to obtain those figures, add the listed concentration
to the interferent figure.
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tip washer, or diluting the sample. Also, it has been reported that better
control of the argon flow rate {improves instrument performance; this is
accomplished with the use of mass flow controllers.

3.3 Chemical interferences 1include wmolecular compound formation,
ionization effects, and solute vaporization effects. Normally, these effects
are not significant with the ICP technique. If observed, they can be
minimized by careful selection of operating conditions (incident power,
observation position, and so forth), by buffering of the sample, by matrix
matching, and by standard addition procedures. Chemical interferences are
highly dependent on matrix type and the specific analyte element.

4.0 APPARATUS AND MATERIALS

4.1 Inductively coupled argon plasma emission spectrometer:

4,1.1 Computer-controlled emission spectrometer with background
correction.

4.1.2 Radio frequency generator.
4,1.3 Argon gas supply: Welding grade or better,

4.2 Operating conditions: The analyst should follow the instructions
provided by the instrument's- manufacturer. For operation with organic
solvents, use of the auxiliary argon inlet 1is recommended, as are solvent-
resistant tubing, increased plasma (coolant) argon flow, decreased nebulizer
flow, and increased RF power to obtain stable operation and precise
measurements. Sensitivity, instrumental detection 1limit, precision, linear
dynamic range, and interference effects must be established for each
individual analyte line on that particular instrument. A1l measurements must
be within instrument linear range where coordination factors are valid. The
analyst must (1) verify that the 1nstrument configuration and operating
conditions satisfy the analytical requirements and (2) maintain quality
control data confirming instrument performance and analytical results.

5.0 REAGENTS

5.1 Acids used in the preparation of standards and for sample processing
must be reagent grade or better. Redistilled acids may be used.

5.1.1 Concentrated hydrochloric acid (HC1).

5.1.2 Hydrochloric acid (1:1): Add 500 mL concentrated HC1 to
400 mL Type II water and dilute to 1 liter.

5.1.3 Concentrated nitric acid (HNO3).

5.1.4 Nitric acid (1:1): Add 500 mL concentrated HNO3 to 400 mL
Type II water and dilute to 1 Titer.
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5.2 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities. : <

5.3 Standard stock solutions may be purchased or prepared from ultra-
high purity grade chemicals or metals (99.99 to 99.999% pure). All salts must
be dried for 1 hr at 105°C, unless otherwise specified.

(CAUTION: Many metal salts are extremely toxic if inhaled or swa]]owed

Wash hands thoroughly after handling.)
Typical stock solution - preparation procedures follow. Concentrations are
calculated based upon the weight of pure metal added, or with the use of the
mole fraction and the weight of the metal salt added.

Concentration (ppm) = %ﬁ%ﬁ;g ST;

Metal salts

Metal

weight (mg) x mole fraction
volume (L)

Concentration (ppm) =

5.3.1 Aluminum solution, stock, 1 mL = 100 ug Al: Dissolve 0.10 g
of aluminum metal, weighed . accurately to at least four significant
figures, in an acid mixture of 4 mL of (1:1) HC1 and 1 mL of concentrated
HNO3 in a-beaker. Warm gently to effect solution. When solution is
complete, transfer quantitatively to a liter flask, add an additional
10 mL of (1:1) HC1 and dilute to 1,000 mL with Type II water.

5.3.2 Antimony solution, stock, 1 mL = 100 ug Sb: Dissolve 0.27 g
K(Sb0)C4H40¢ (mole fraction Sb = 0. 3749), weighed accurately to at least
four signif?cant figures, in Type II water, add 10 mL (1: 1) HC1, and
dilute to 1,000 mL with Type II water.

5.3.3 Arsenic solution, stock, 1 mL = 100 ug As: Disso]ve 0.13 g
of Asp03 (mole fraction As = 0. 7574), weighed accurately to at least four
sign1$1cant figures, in 100 mL of Type II water containing 0.4 g NaOH.
Acidify the solution with 2 mL concentrated HNO3 and dilute to 1,000 mL
with Type II water. _

5.3.4 Barium solution, stock, 1 mL = 100 ug Ba: Dissolve 0.15 g
BaClp (mole fraction Ba = 0.6595), dried at 250°C for 2 hr, weighed
accurately to at least four significant figures, 1in 10 mL Type II water
with 1 mL (1:1) HC1. Add 10.0 mL (1:1) HC] and dilute to 1,000 mL with
Type II water.

5.3.5 Beryllium solution, stock, 1 mL = 100 ug Be Do not dry.
Dissolve 1.97 g BeSO4:4H,0 (mole fraction Be = 0.0509), “weighed
accurately to at least ?our significant figures, 1in Type II water, add
10.0 m1 concentrated HNO3, and di]ute to 1,000 mL with Type II water.
Mole fraction = 0. 0509 o _ :
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5.3.6 Boron solution, stock 1 mL = 100 ug B: Do not dry. Dissolve
0.57 g anhydrous H3B03 (mole fraction B = 0.1748), weighed accurately to
at least four significant figures, in Type II water and dilute to 1,000
mL. Use a reagent meeting ACS specifications, keep the bottle tightly
stoppered, and store in a desiccator to prevent the entrance of
atmospheric moisture.

5.3.7 Cadmium solution, stock, 1 mL = 100 ug Cd: Dissolve 0.11 g
Cd0 (mole fraction Cd = 0.8754), weighed accurately to at least four
significant figures, in a minimum amount of (1:1) HNO3. Heat to increase
rate of dissolution. Add 10.0 mL concentrated HNO3 and dilute to 1,000
mL with Type II water.

5.3.8 Calcium solution, stock, 1 mL = 100 ug Ca: Suspend 0.25 ¢
CaC03 (mole Ca fraction = 0.4005), dried at 180°C for 1 hr before
weighing, weighed accurately to at 1least four significant figures, in
Type 11 water and dissolve cautiously with a minimum amount of (1:1)

HNO3. Add 10.0 mL concentrated HNO3 and dilute to 1,000 mL with Type II
water.

5.3.9 Chromium solution, stock, 1 mL = 100 ug Cr: Dissolve
0.19 g Cr03 (mole fraction Cr = 0.5200), weighed accurately to at least
four significant figures, in Type II water. When solution is complete,

acidify with 10 mL concentrated HNO3 and dilute to 1,000 mL with Type II
water.

5.3.10 Cobalt solution, stock, 1 mL = 100 ug Co: Dissolve 0.1000 g
of cobalt metal, weighed accurately to at least four significant figures,

in a minimum amount of (1:1) HNO3. Add 10.0 mL (1:1) HC1 and.dilute to
1,000 mL with Type II water.

- 5.3.11 Copper solution, stock, 1mL = 100 ug Cu: Dissolve
0.13 g Cu0 (mole fraction Cu = 0.7989), weighed accurately to at least
four significant figures), in a minimum amount of (1:1) HNO3. Add 10.0
mL concentrated HNO3 and dilute to 1,000 mL with Type II water.

5.3.12 Iron solution, stock, 1 mL = 100 ug Fe: Dissolve 0.14 g
Fep03 (mole fraction Fe = 0.6994), weighed accurately to at least four
significant figures, in a warm mixture of 20 mL (1:1) HC1 and 2 mL of
concentrated HNO3. Cool, add an additional 5.0 mL of concentrated HNO3,
and dilute to 1,000 mL with Type II water.

5.3.13 Lead solution, stock, 1 mL = 100 ug Pb: Dissolve 0.16 g
Pb(NO3)2 (mole fraction Pb = 0.6256), weighed accurately to at least four
significant figures, in a minimum amount of (1:1) HNO3. Add 10 mL (1:1)
HNO3 and dilute to 1,000 mL with Type II water.

5.3.14 Magnesium solution, stock, 1mL = 100 ug Mg: Dissolve
0.17 g Mg0 (mole fraction Mg = 0.6030), weighed accurately to at least
four significant figures, in a minimum amount of (1:1) HNO3. Add 10.0 mL
(1:1) concentrated HNO3 and dilute to 1,000 mL with Type II water.
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5.3.15 Manganese solution, stock, 1 mL = 100 ug Mn: Dissolve
0.1000 g of manganese metal, weighed accurately to at 1least four
significant figures, in acid m1xture (10 mL concentrated HC1 and 1 mL
concentrated HNO3) and dilute to 1,000 mL with Type II water.

5.3.16 Molybdenum solution, stock, 1 mL = 100 ug Mo: Dissolve
0.20 g (NH4)gMo7024-4H20 (mole fraction Mo = 0.5772), weighed accurately
to at least four significant figures, 1in Type II water and dilute to
1,000 mL with Type II water.

5.3.17 Nickel solution, stock, 1 mL = 100 ug Ni: Dissolve 0.1000 g
of nickel metal, weighed accurately to at least four significant figures,
in 10.0 mL hot concentrated HN03, cool, and dilute to 1,000 mL with Type
II water. ) .

5.3.18 Potassium solution, stock, 1mL = 100 ug K: Dissolve
0.19 g KC1 (mole fraction K = 0.5244) dried at 110°C, weighed accurately
to at least four -significant figures, 1in Type II water and dilute to
1,000 mL.

5.3.19 Selenium solution, stock, 1 mL = 100 ug Se: Do not dry.
Dissolve 0.17 g HpSe03 (mole fraction Se = 0.6123), weighed accurately to
at least four significant figures, in Type II water and dilute to 1,000
mL. g

5.3.20 Silica solution, stock, 1 mL = 100 ug Si0p: Do not dr
Dissolve 0.47 g Na»Si03:9H20 (mo]e fraction Si = 0. 0988—7, weighe ed
accurately to at least four significant figures, 1in Type II water. Add
10.0 mL concentrated HNO3 and dilute to 1,000 mL with Type II water.

5.3.21 Silver solution, stock, 1 mL = 100 ug Ag: Dissolve 0.16 g
AgNO3 (mole fraction Ag = 0.6350), weighed accurately to at least ‘four

significant figures, in Type II water and 10 mL concentrated HNOj3.
Dilute to 1,000 mL with Type II water.

5.3.22 Sodium solution, stock, 1 mL = 100 ug Na: Dissolve 0.25 g
NaCl (mole fraction Na = 0.3934), weighed accurately to at least four
significant figures, in Type II water. Add 10.0 mL concentrated HNO3 and
dilute to 1,000 mL with Type II water.

5.3.23 Thallium so]ution,, stock, 1mL = 100 ug Tl: Dissolve
0.13 g TINO3 (mole fraction T1 = 0. 7672), weighed accurately to at least

four significant figures, in Type II water. Add 10.0 mL concentrated
HNO3. and dilute to 1,000 mL with Type II water.

5.3.24 Vanadium solution, stock, 1 mL = 100 ug V: Dissolve
0.23 g NH4VO03 (mole fraction V = 0. 4356), weighed accurately to at least
four significant figures, in a m1n1mum amount of concentrated HNO3. Heat

to increase rate of dissolution. Add 10.0 mL concentrated HNO3 and
dilute to 1,000 mL with Type II water.

6010 — 8
Revision

Date Sept_EBEF_ng—




5.3.25 Zinc solution, stock, 1 mL = 100 ug Zn: Dissolve 0.12 g Zn0
(mole fraction Zn = 0.8034), weighed accurately to at least four
significant figures, in a minimum amount of dilute HNO3. Add 10.0 mL
concentrated HNO3 and dilute to 1,000 mL with Type II water.

5.4 Mixed calibration standard solutions: Prepare mixed calibration
standard soTutions by combining appropriate volumes of the stock solutions in
volumetric flasks (see Table 3). Add 2 mL (1:1) HNO3 and 10 mL of (1:1) HCI
and dilute to 100 mL with Type II water (see NOTE, below). Prior to preparing
the mixed standards, each stock solution should be analyzed separately to
determine possible spectral interference or the presence of impurities. Care
should be taken when preparing the mixed standards to ensure that the elements
are compatible and stable together. Transfer the mixed standard solutions to
FEP fluorocarbon or previously unused polyethylene or polypropylene bottles
for storage. Fresh mixed standards should be prepared, as needed, with the
realization that concentration can change on aging. Calibration standards
must be initially verified using a quality control sample (see Paragraph 5.8)
and monitored weekly for stability. Some typical calibration standard
combinations are listed in Table 3. All mixtures should then be scanned using
a sequential spectrometer to verify the absence of interelement spectral .
interference in the recommended mixed standard solutions.

NOTE: If the addition of silver to the recommended acid combination
results in an initial precipitation, add 15 mL of Type II water
and warm the flask until the solution clears. Cool and dilute to
100 mL with Type II water. For this acid combination, the silver
concentration should be limited to 2 mg/L. Silver under these
conditions is stable in a tap-water matrix for 30 days. Higher
concentrations of silver require additional HCI1.

TABLE 3. MIXED STANDARD SOLUTIONS

Solution Elements
I Be, Cd, Mn, Pb, Se and Zn
II Ba, Co, Cu, Fe, and V
III As, Mo, and Si
IV Al, Ca, Cr, K, Na, and Ni
v Ag (see Note to Paragraph 5.4),

B, Mg, Sb, and Tl
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5.5 Two types of blanks are required for the analysis. The calibration
blank is used in establishing the analytical curve, and the reagent blank is

used to correct for possible contamination resulting from varying amounts of
the acids used in the sample processing.

5.5.1 The calibration blank is prepared by diluting 2 mL of (1:1)
HNO3 and 10 mL of (1:1) HC1 to 100 mL with Type II water. Prepare a
sufficient quantity to flush the system between standards and samples.

5.5.2 .The reagent blank must contain all the reagents and in the
same volumes as used in the processing of the samples. The reagent
blank must be carried through the complete procedure and contain the
same acid concentration in the final solution as the sample solution used
for analysis.

5.6 The instrument check standard 1is preparéd by the analyst by com-
bining compatible elements at concentrations equivalent to the midpoint of
their respective calibration curves (see Paragraph 8.6.2.1 for use).

5.7 The interference check solution 1is prepared to contain known
concentrations of interfering elements that will provide an adequate test of
the correction factors. Spike the sample with the elements of interest at
approximate concentrations of 10 times the instrumental detection limits. In
the absence of measurable analyte, overcorrection could go undetected because
a negative value could be reported as zero. If the particular instrument will

display overcorrection as a negative number, this spiking procedure will not
be necessary. .

5.8 The quality control sample should be prepared in the same acid
matrix as the calibration standards at 10 times the instrumental detection
Timits and in accordance with the instructions provided by the supplier.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory materia] in Chapter Three, Inorganic Analytes,
Sections 3.1 through 3.3. .

7.0 PROCEDURE

7.1 Preliminary treatment of all matrices is always necessary because of
the complexity and variability of sample matrices. Solubilization and
digestion procedures are presented in Sample Preparation Methods (Methods
3005-3050). The method of standard addition (MSA) (Paragraph 8.5.3) shall be
used for the analysis of all EP extracts and sample digests unless either
serial dilution or matrix spike addition demonstrates that it is not required.
An internal standard may be substituted for the MSA.
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7.2 Set up the instrument with proper operating parameters established
in Paragraph 4.2. The instrument must be allowed to become thermally stable

before beginning (usually requiring at 1least 30 min of operation prior to
calibration).

7.3 Profile and calibrate the instrument according to the instrument
manufacturer's recommended procedures, using the typical mixed calibration
standard solutions described in Paragraph 5.4. Flush the system with the
calibration blank (5.5.1) between each standard (see NOTE, below). (Use the
average intensity of multiple exposures for both standardization and sample
analysis to reduce random error.)

NOTE: For boron concentrations greater than 500 ug/L, extended flush

times of 1 or 2 min may be required.

7.4 Before beginning the sample run, reanalyze the highest mixed
calibration standard as if it were a sample. Concentration values obtained
should not deviate from the actual values by more than 5% (or the established

control 1imits, whichever is lower). If they do, follow the recommendations
of the instrument manufacturer to correct for this condition.

7.5 Flush the system with the calibration blank solution for at least
1 min (Paragraph 5.5.1) before the analysis of each sample (see Note to
Paragraph 7.3). Analyze the instrument check standard (5.6) and the
calibration blank (5.5.1) after each 10 samples.

7.6 Calculations: If dilutions were performed, the appropriate factors

must be applied to sample values. All results should be reported in ug/L with
up to three significant figures.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Dilute and reanalyze samples that are more concentrated than the
linear calibration limit or use an alternate, less sensitive 1ine for which
quality control data is already established.

8.3 Employ a minimum of one laboratory blank per sample batch to
determine if contamination or any memory effects are occurring.

8.4 Analyze one duplicate sample for every 20 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

8.5 It is recommended that whenever a new or unusual sample matrix is
encountered, a series of tests be performed prior to reporting concentration
data for analyte elements. These tests, as outlined in 8.5.1 through 8.5.3,
will ensure the analyst that neither positive nor negative interferences are

operating on any of the analyte elements to distort the accuracy of the
reported values.
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8.5.1 Serial dilution: If the analyte concentration is
sufficiently high (minimally, a factor of 10 above the instrumental
detection limit after dilution), an analysis of a 1:4 dilution should
agree within +10% of the original determination. If not, a chemical or
physical interference effect should be suspected.

8.5.2 Matrix spike addition: An analyte spike added to a portion
of a prepared sample, or its dilution, should be recovered to within 75%
to 125% of the known value. The spike addition should produce a minimum
level of 10 times and a maximum of 100 times the instrumental detection
limit. If the spike 1s not recovered within the specified limits, a
matrix effect should be suspected. The use of a standard-addition
analysis procedure can usually compensate for this effect.

CAUTION: The standard-addition technique does not detect coincident
spectral overlap. If suspected, use of computerized
compensation, an alternate wavelength, or comparison w1th
an alternate method is recommended.

8.5.3 Standard addition: The standard-addition technique 1nvolves
adding known amounts of standard to one or more aliquots of the processed
sample solution. This technique compensates for a sample constituent
that enhances or depresses the analyte signal, thus producing a different
slope from that of the calibration standards. It will not correct for
additive interferences which cause a baseline shift. The simplest
version of this technique 1is the single-addition method, in which two
identical aliquots of the sample solution, each of Volume Vx, are taken.
To the first (labeled A) is added a small volume Vg of a standard analyte
solution of concentration c¢g. To the second (?abe]ed B) is added the
same volume Vg of the solvent, The analytical signals of A and B are

measured and corrected for nonanalyte signals. = The unknown sample
concentration cy is calculated: :

SgVs¢

where Sp and Sg are the analytical signals (corrected for the blank) of
solutions A and B, respectively. Vg and cg should be chosen so that Sp
is roughly twice SB on the average. It is best if Vg 1s made much Tless
than Vy, and thus cg is much greater than cy, to avoid excess dilution of
the sample matrix. If a separation or concentration step is used, the
additions are best made first and carried through the entire procedure.

For the results of this technique to be valid, the following limitations
must be taken into consideration:

1. The analytical curve must be linear.

2. The chemical form of the analyte added must respond the same
way as the analyte in the sample.
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3. The interference effect must be constant over the working range of
concern.

4, The signal must be corrected for any additive interference.

The absorbance of each solution 1is determined and then plotted on the
vertical axis of a graph, with the concentrations of the known standards
plotted on the horizontal axis. When the resulting line is extrapolated
back to zero absorbance, the point of interception of the abscissa is the
concentration of the unknown. The abscissa on the left of the ordinate
is scaled the same as on the right side, but in the opposite direction

from the ordinate. An example of a plot so obtained is shown in
Figure 1.

8.6 Check the 1instrument standardization by analyzing appropriate
quality control check standards as follows.

8.6.1 Check instrument calibration using a calibration blank and
two appropriate standards.

8.6.2 Verify calibration every 10 samples and at the end of the

analytical run, using a calibration blank (5.5.1) and a single point
check standard (5.6).

8.6.2.1 The results of the check standard are to agree within
10% of the expected value; 1f not, terminate the analysis, correct
the problem, and recalibrate the instrument.

8.6.2.2 The results of the calibration blank are to agree
within three standard deviations of the mean blank value. If not,
repeat the analysis two more times and average the results. If the
average is not within three standard deviations of the background
mean, terminate the analysis, correct the problem, recalibrate, and
reanalyze the previous 10 samples. ~

8.6.3 Verify the interelement and background correction factors at
the beginning and end of an analytical run or twice during every 8-hour
work shift, whichever 1is more frequent. Do this by analyzing the

interference check sample (Paragraph 5.7). Results should be within +20%
of the true value obtained in 8.6.2.1.

8.6.4 Duplicate spiked samples are to be analyzed at a frequency of
20%.

8.6.4.1 The relative percent difference between duplicate
determinations is to be calculated as follows:
D, - D,
RPD = x 100
lDl + 02572
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Figure 1, Standard Addition Plot.
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RPD = relative percent difference.
Dy = first sample value.
D> = second sample value (duplicate).

(A control 1imit of +20% for RPD shall be used for sample values
greater than 10 times the instrument detection limit.)

8.6.4.2 The duplicate matrix spike sample recovery is to be
within +20% of the actual value.

8.6.5 The method of standard addition (Paragraph 8.5.3) shall be
used for the analysis of all EP extracts.

9.0 METHOD PERFORMANCE

9.1 In an EPA round-robin Phase 1 study, seven laboratories applied the
ICP technique to acid-distilled water matrices that had been spiked with
various metal concentrates. Table 4 1lists the true values, the mean reported
values, and the mean percent relative standard deviations.

9.2 In a single laboratory evaluation, seven wastes were analyzed for 22
elements by this method. The mean percent relative standard deviation from
‘triplicate analyses for all elements and wastes was 9+2%. The mean percent
recovery of spiked elements for all wastes was 93+6%. Spike levels’ ranged

from 100 ug/L to 100 wmg/L. The wastes included sludges and industrial
wastewaters,
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TABLE 4. ICP PRECISION AND ACCURACY DATA2

Sample No. 1 Sample No. 2 ~ Sample No. 3
Mean Re- Mean Re- Mean Re-

True ported Mea True ported Mea True ported Mea
Ele- Value Value SD Value .Value SD Value Value SD
ment (ug/L) (ug/L) (%) (ug/L) (ug/L) (%) (ug/L) (ug/L) (%)
Be 750 733 6.2 20 20 9.8 180 176 5.2
Mn 350 345 2.7 15 15 6.7 100 99 3.3
v 750 749 1.8 70 69 2.9 170 169 1.1
As 200 208 7.5 22 19 23 60 63 17
Cr 150 149 3.8 10 10 18 50 50 3.3
Cu 250 235 5.1 11 11 40 70 67 7.9
Fe 600 594 3.0 20 19 15 180 178 6.0
Al 700 696 5.6 60 62 33 160 161 13
cd 50 48 12 2.5 2.9 16 - 14 13 16
Co 700 - 512 10 20 20 4.1 120 108 21
Ni 250 245 5.8 30 28 11 60 55 14
Pb 250 236 16 ‘ 24 30 32 80 80 14
Zn 200 201 5.6 16 19 45 80 82 9.4

Sec 40 32 21.9 6 8.5 42 10 8.5 8:3

dNot all elements were analyzed by all laboratories.

'bsp = standard deviation.

CResults for Se are from two laboratories.
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METHOD 7000
ATOMIC ABSORPTION METHODS

1.0 SCOPE AND APPLICATION

1.1 Metals in solution may be readily determined by atomic absorption.
spectroscopy. The method is simple, rapid, and applicable to a large number
of metals in drinking, surface, and saline waters and domestic and industrial
wastes. While drinking water free of particulate matter may be analyzed
directly, ground water, other aqueous samples, EP extracts, industrial
wastes, soils, sludges, sediments, and other solid wastes require digestion
prior to analysis.

1.2 Detection limits, sensitivity, and optimum ranges of the metals
will vary with the matrices and models of atomic absorption spectrophoto-
meters. The data shown in Table 1 provide some indication of the detection
limits obtainable by direct aspiration and by furnace techniques. For clean
aqueous samples, the detection 1limits shown in the table by direct aspiration
may be extended downward with scale expansion and upward by using a less
sensitive wavelength or by rotating the burner head. Detection 1imits by
direct aspiration may also be extended through concentration of the sample
and/or through solvent extraction techniques. For certain samples, lower
concentrations may also be. determined using the furnace techniques. The
detection 1imits given in Table 1 are somewhat dependent on equipment (such
as the type of spectrophotometer and furnace accessory, the energy source,
the degree of electrical expansion of the output signal), and are greatly
dependent on sample matrix. When using furnace techniques, however, the
analyst should be cautioned as to possible chemical reactions occurring at
elevated temperatures which may result in either suppression or enhancement
of the analysis element. To ensure valid data with furnace techniques, the
analyst must examine each matrix for interference effects (see Paragraph
3.2.1) and, if detected, treat them accordingly, using either successive

di]gtion, matrix modification, or method of standard additions (see Paragraph
8.7). |

1.3 Where direct-aspiration atomic absorption techniques do not provide
adequate sensitivity, reference is made to specialized procedures (in addi-
tion to the furnace procedure) such as the gaseous-hydride method for arsenic
and selenium and the cold-vapor technique for mercury.

2.0 SUMMARY OF METHOD

2.1 Although methods have been reported for the analysis of solids by
atomic absorption spectroscopy, the technique generally is limited to metals
in solution or solubilized through some form of sample processing.

2.2 Preliminary treatment of waste water, ground water, EP extracts,
and industrial waste is always necessary because of the complexity and
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TABLE 1. ATOMIC ABSORPTION CONCENTRATION RANGES

Direct Aspiration

Furnace Procedured.C

Detection Limit Sensitivity Detection Limit
Metal (mg/L) (mg/L) (ug/L)

Aluminum 0.1 1 --
Antimon 0.2 0.5 3
ArsenicP - 0.002 -- 1
Barium(p) 0.1 0.4 -
Beryllium 0.005 0.025 0.2
Cadmium 0.005 0.025 0.1
Calcium 0.01 0.08 --
Chromium 0.05 0.25 1
Cobalt 0.05 0.2 1
Copper 0.02 0.1 --
Iron 0.03 0.12 -
Lead 0.1 0.5 1
Magnesium 0.001 0.007 -
Manganese 0.01 0.05 -
Mercury 0.0002 -- --
Molybdenum(p) 0.1 0.4 1
Nickel(p) 0.04 0.15 -
Potassium . 0.01 0.04 -
Selenium 0.002 -- 2
Silver 0.01 0.06 -~
Sodium 0.002 0.015 --
Thallium 0.1 0.5 1
Tin 0.8 4 --
Vanadium(p) 0.2 0.8 4
Zinc 0.005 0.02 --

NOTE: The symbol (p) indicates the -use of pyrolytic graphite with the
furnace procedure.

dFor furnace sensitivity values, consult instrument operating manual.
bgaseous hydride method.

CThe listed furnace values are those expected when using a 20-ul
injection and normal gas flow, except 1in the cases of arsenic and selenium,
where gas interrupt is used.

dcold vapor technique.
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variability of sample matrix. Solids, slurries, and suspended material must
be subjected to a solubilization process before analysis. This process may
vary because of the metals to be determined and the nature of the sample being
analyzed. Solubilization and digestion procedures are presented in Section
3.2 (Sample Preparation Methods). '

2.3 In direct-aspiration atomic absorption spectroscopy, a sample is
aspirated and atomized in a flame. A light beam from a hollow cathode lamp or
an electrodeless discharge lamp is directed through the flame into a
monochromator, and onto a detector that measures the amount of absorbed light.
Absorption depends upon the presence of free unexcited ground-state atoms in
the flame. Because the wavelength of the 1ight beam is characteristic of only
the metal being determined, the 1light energy absorbed by the flame is a
measure of the concentration of that metal in the sample. This principle is
the basis of atomic absorption spectroscopy.

2.4 When using the furnace technique in conjunction with an atomic
absorption spectrophotometer, a representative aliquot of a sample is placed
in the graphite tube 1in the furnace, evaporated to dryness, charred, and
atomized. As a greater percentage of available analyte atoms is vaporized and
dissociated for absorption in the tube rather than the flame, the use of
smaller sample volumes or detection of Tlower concentrations of elements is
possible. The principle is essentially the same as with direct aspiration
atomic absorption, except that a furnace, rather than a flame, is used to
atomize the sample. Radiation from a given excited element is passed through
the vapor containing ground-state atoms of that element. The intensity of the
transmitted radiation decreases in proportion to the amount of the ground-
state element in the vapor. The metal atoms to be measured are placed in the
beam of radiation by dincreasing the temperature of the furnace, thereby
causing the injected specimen to be volatilized. A monochromator isolates the
characteristic radiation from the hollow cathode 1lamp or electrodeless

discharge lamp, and a photosensitive device measures the attenuated
transmitted radiation.

3.0 INTERFERENCES

3.1 Direct aspiration:

3.1.1 The most troublesome type of interference in atomic
absorption spectrophotometry is usually termed "chemical® and is caused
by lack of absorption of atoms bound in molecular combination in the
flame. This phenomenon can occur when the flame is not sufficiently hot
to dissociate the molecule, as in the case of phosphate interference with
magnesium, or when the dissociated atom 1is immediately oxidized to a
compound that will not dissociate further at the temperature of the
flame. The addition of lanthanum will overcome phosphate interference in
magnesium, calcium, and barium determinations. Similarly, silica

interference in the determination of manganese can be eliminated by the
addition of calcium.
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'3.1.2 Chemical interferences may also be eliminated by separating
the metal from the interfering material. Although complexing agents are
employed primarily to increase the sensitivity of the analysis, they may
also be used to eliminate or reduce interferences.

3.1.3 The presence of high dissolved solids in the sample may
result in an interference from nonatomic absorbance such as light
scattering. If background correction is not available, a nonabsorbing

wavelength should be checked. Preferably, samples containing high solids
should be extracted.

3.1.4 -Ionization interferences occur when the flame temperature is
sufficiently high to generate the removal of an electron from a neutral
atom, giving a positively charged ion. This type of interference can
generally be controlled by the add1t1on, to both standard and sample

solutions, of a large excess (1,000 mg/L) of an easily ionized element
such as K, Na, Li or Cs.

3.1.5 Spectral 1nterference can occur when an absorbing wavelength
of an element present in the sample but not being determined falls within .
the width of the absorption line of the element of interest. The results
of the determination will then be erroneously high, due to the
contribution of the interfering element to the atomic absorption signal.
Interference can also occur when resonant energy from another element in
a multielement lamp, or from a metal impurity in the lamp cthode, falls
within the bandpass of the slit setting when that other metal is present

in the sample. This type of interference may sometimes be reduced by
narrowing the slit width.

3.1.6 Samples and standards should be monitored for viscosity
differences that may alter the aspiration rate.

3.1.7 All metals are not equally stable in the digestate,
especfally if it contains only HNO3, not HNO3 and HCl1. The digestate

should be analyzed as soon as poss1b1e, with preference given.to Sn, Sb,
Mo, Ba, and Ag .

3.2 Furnace procedure:

3.2.1 Although the problem of oxide formation is greatly reduced
with furnace procedures because atomization occurs in an inert
atmosphere, the technique 1is still subject to chemical interferences.
The composition of the sample matrix can have a major effect on the
analysis. It is those effects which must be determined and taken into
consideration in the analysis of each different matrix encountered. To
help verify the absence of matrix or chemical interference, the serial
dilution technique (see Paragraph 8.6) may be used. Those samples which

indicate the presence of interference should be treated in one or more of
the following ways:
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1. Successively dilute and reanalyze the samples to eliminate
interferences.

2. Modify the sample matrix either to remove interferences or to
stabilize the analyte. Examples are the addition of ammonium
nitrate to remove alkali chlorides and the addition of ammonium
phosphate to retain cadmium, The mixing of hydrogen with the
inert purge gas has also been used to suppress chemical
interference. The hydrogen acts as a reducing agent and aids in
molecular dissociation.

3. Analyze the sample by method of standard additions while
noticing the precautions and limitations of 1its use (see
Paragraph 8.7.2).

3.2.2 Gases generated in the furnace during atomization may have
molecular absorption bands encompassing the analytical wavelength. When
this occurs, use either background correction or choose an alternate

wavelength. Background correction may also compensate for nonspecific
broad-band absorption interference.

3.2.3 Continuum background correction cannot correct for all types
of background interference. When the background interference cannot be
compensated for, chemically remove the analyte or use an alternate form
of background correction, e.g., Zeeman background correction.

3.2.4 Interference from a smoke-producing sample matrix can
sometimes be reduced by extending the charring time at a higher
temperature or utilizing an ashing cycle 1in the presence of air. Care
must be taken, however, to prevent loss of the analyte.

3.2.5 Samples containing large amounts of organic materials should
be oxidized by conventional acid digestion before being placed in the
furnace. In this way, broad-band absorption will be minimized.

3.2.6 Anion interference studies in the graphite furnace indicate
that, under conditions other than isothermal, the nitrate anion is
preferred. Therefore, nitric acid is preferable for any digestion or
solubilization step. If another acid in addition to HNO3 is required, a
minimum amount should be used. This applies particularly to hydrochloric
and, to a lesser extent, to sulfuric and phosphoric acids.

. 3.2.7 Carbide formation resulting from the chemical environment of
the furnace has been observed. Molybdenum may be cited as an example.
When carbides form, the metal is released very slowly from the resulting
metal carbide as atomization continues. Molybdenum may require 30 sec or
more atomization time before the signal returns to baseline levels.
Carbide formation is greatly reduced and the sensitivity increased with

the use of pyrolytically coated graphite. Elements that readily form
carbides are noted with the symbol (p) in Table 1.
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3.2.8 For comments on spectral interference, see Paragraph 3.1.5.

3.2.9 Cross-contamination and contamination of the sample can be
major sources of error because of the extreme sensitivities achieved with
the furnace. The sample preparation - work area should be kept
scrupulously clean. All glassware should be cleaned as directed in
Paragraph 4.8. Pipet tips are a frequent source of contamination. If
suspected, they should be acid soaked with 1:5 HNO3 and rinsed thoroughly
with tap and defonized (Type II) water. The use of a better grade of
pipet tip can greatly reduce this problem. Special attention should be
given to reagent blanks in both analysis and in the correction of
analytical results. Lastly, pyrolytic graphite, because of the
production process and handling, can become contaminated. As many as

five to ten high-temperature burns may be required to clean the tube
before use.

4,0 APPARATUS AND MATERIALS

4,1 Atomic absorption spectrophotometer: Single- or dual-channel,
single- or double-beam instrument having a grating monochromator,
photomultiplier detector, adjustable slits, a wavelength. range of 190 to
800 nm, and provisions for interfacing with a strip-chart recorder.

4.2 Burner: The burner recommended by the particular instrument
manufacturer should be used. For certain elements the nitrous oxide burner is
required.

4.3 Hollow cathode lamps: Single-element lamps are preferred but
multielement lamps may be used. Electrodeless discharge lamps may also be
used when available. '

4.4 Graphite furnace: Any furnace device capable of reaching the
specified temperatures is satisfactory.

4.5 Strip-chart recorder: A recorder is recommended for furnace work so
that there will be a permanent record and that any problems with the analysis
such as drift, 1incomplete atomization, losses during charring, changes in
sensitivity, peak shape, etc., can be easily recognized.

4,6 Pipets: Microliter, with disposable tips. Sizes can range from 5
to 100 uL as required. Pipet tips should be checked as a possible source of
contamination prior to their use. :

4,7 Pressure-reducing valves: The supplies of fuel and oxidant should
be maintained at pressures somewhat higher than the controlled operating
pressure of the instrument by suitable valves.

4.8 Glassware: All glassware, polypropylene, or Teflon containers,
including sample bottles, should be washed in the following sequence:

detergent, tap water, 1:1 nitric acid, tap water, 1:1 hydrochloric acid, tap
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water, and Type II water. (Chromic acid should not be used as a c]eanin?
agent for glassware if chromium is to be included in the analytical scheme
If it can be documented through an active analytical quality control program
using spiked samples and reagent blanks that certain steps in the cleaning
procedure are not required for routine samples, those steps may be eliminated
from the procedure.

5.0 REAGENTS

5.1 Type II water (ASTM D1193): Use Type II water for the preparation
of all reagents and calibration standards and as dilution water.

5.2 Concentrated nitric acid (HNO3): Use a spectrograde acid certified
for AA use. Prepare a 1:1 dilution with Type II water by adding the
concentrated acid to an equal volume of water.

5.3 Hydrochloric acid (HC1, 1:1): Use a spectrograde acid certified for
AA use. Prepare a 1:1 dilution with Type II water by adding the concentrated
acid to an equal volume of water.

5.4 Fuel and oxidant: Commercial grade acetylene is generally
acceptable. Air may be supplied from a compressed air line, a laboratory
compressor, or a cylinder of compressed air. Reagent grade nitrous oxide is
also required for certain determinations. Standard, commercially available
argon and nitrogen are required for furnace work.

5.5 Stock standard metal solutions: Stock standard solutions are
prepared from high purity metals, oxides, or nonhygroscopic reagent-grade
salts using Type II water and redistilled nitric or hydrochloric acids. (See
individual methods for specific 1instructions.) Sulfuric or phosphoric acids
should be avoided as they produce an adverse effect on many elements. The
stock solutions are prepared at concentrations of 1,000 mg of the metal per
liter. Commercially available standard solutions may also be used. Where the
sample viscosity, surface tension, and components cannot be accurately matched

with standards, the method of standard addition (MSA) may be used (see
Paragraph 8.7).

5.6 Calibration standards: For those instruments which do not read out
directly in concentration, a calibration curve is prepared to cover the
appropriate concentration range. Usually, this means the preparation of
standards which produce an absorbance of 0.0 to 0.7. Calibration standards
are prepared by diluting the stock metal solutions at the time of analysis.
For best results, calibration standards should be prepared fresh each time a
batch of samples is analyzed. Prepare a blank and at least three calibration
standards in graduated amounts in the appropriate range of the linear part of
the curve. The calibration standards should be prepared using the same type
of acid or combination of acids and at the same concentration as will result
in the samples following processing. Beginning with the blank and working
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toward the highest standard, aspirate the solutions and record the readings.
Repeat the operation with both the calibration standards and the samples a
sufficient number of times to secure a reliable average reading for each
solution. Calibration standards for furnace procedures shou]d be prepared as
described on the individual sheets for that metal.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material in Chapter Three, Metallic Analytes.

7.0 PROCEDURE

7.1 Preliminary treatment of waste water, ground water, EP extracts, and
industrial waste 1s always necessary because of the complexity and variability
of sample matrices. Solids, slurries, and suspended material must be
subjected to a solubilization process before analysis. This process may vary
because of the metals to be determined and the nature of the sample being
analyzed. Solubilization and digestion procedures are presented in Chapter
Three, Section 3.2, Sample Preparation Methods.

7.2 Direct aspiration (flame) procedure:

7.2.1 Differences between the various makes and models of
satisfactory atomic absorption spectrophotometers prevent the formulation
of detailed instructions applicable to every instrument. The analyst
should follow the manufacturer's operating instructions for a particular
instrument. In general, after choosing the proper lamp for the analysis,
allow the lamp to warm up for a minimum of 15 min, unless operated in a
double-beam mode. During this period, align the instrument, position the
monochromator at the correct wavelength, select the proper monochromator
slit width, and adjust the current according to the manufacturer's
recommendation. Subsequently, light the flame and regulate the flow of
fuel and oxidant. Adjust the burner and nebulizer flow rate for maximum
percent absorption and stability. Balance the photometer. Run a series
of standards of the element under analysis. Construct a calibration
curve by plotting the concentrations of the standards against
absorbances. Set the curve corrector of a direct reading instrument to
read out the proper concentration. Aspirate the samples and determine
the concentrations either directly or from the calibration curve.
Standards must be run each time a sample or series of samples is run.

7.3 Furnace procedure:

7.3.1 Furnace devices (flameless atomization) are a most useful
means of extending detection limits. Because of differences between
various makes and models of satisfactory instruments, no detailed
operating instructions can be given for each instrument. Instead, the

analyst should follow the instructions provided by the manufacturer of a
particular instrument.
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7.3.2 Background correction i{s i{mportant when using flameless
atomization, especially below 350 nm. Certain samples, when atomized,
may absorb or scatter light from the lamp. This can be caused by the
presence of gaseous molecular species, salt particles, or smoke in the
sample beam. If no correction is made, sample absorbance will be greater
than it should be, and the analytical result will be erroneously high.
Zeeman background correction is effective in overcoming composition or
structured background interferences. It is particularly useful when

analyzing for As in the presence of Al and when analyzing for Se in the
presence of Fe.

7.3.3 Memory effects occur when the analyte 1is not totally
volatilized during atomization. This condition depends on several
factors: volatility of the element and its chemical form, whether
pyrolytic graphite is used, the rate of atomization, and furnace design.
This situation is detected through blank burns. The tube should be
cleaned by operating the furnace at full power for the required time

period, as needed, at regular intervals during the series of
determinations.

7.3.4 Inject a measured microliter aliquot of sample 1into the
furnace and atomize. If the concentration found 1is greater than the
highest standard, the sample should be diluted in the same acid matrix

and reanalyzed. The use of multiple 1njections can improve accuracy and
help detect furnace pipetting errors.

7.3.5 To verify the absence of 1interference, follow the serial
dilution procedure given in Paragraph 8.6.

7.3.6 A check standard should be run after approximately every 10
sample injections. Standards are run 1in part to monitor the life and
performance of the graphite tube. Lack of reproducibility or significant
change in the signal for the standard indicates that the tube should be
replaced. Tube Tife depends on sample matrix and atomization
temperature. A conservative estimate would be that a tube will last at

least 50 firings. A pyrolytic coating will extend that estimated 1ife by
a factor of three.

7.4 Calculation:

7.4.1 For determination of metal concentration by direct aspiration
and furnace: Read the metal value 1in ug/L from the calibration curve or
directly from the read-out system of the instrument.

7.4.2 1If dilution of sample was required:

ug/L metal in sample = (c * B
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where:

ug/L of metal in diluted aliquot from calibration curve.
Acid blank matrix used for dilution, mtL.
sample aliquot, mL.

oW >
wonon

7.4.3 For solid samples, report all concentrations as ug/kg based
on wet weight. Hence:

AXxYV

ug metal/kg sample = =

where:

ug/L of metal in processed sample from calibration curve.
final volume of the processed sample, mL.

A
v
W = weight of sample, grams.

7.4.4 Different injection volumes must not be used for samples and
standards. Instead, the sample should be diluted and the same size

injection volume be used for both samples and standards. If dilution of
the sample was required:

ug/L of metal in sample = Z {c G B)

where:
Z = ug/L of metal read from calibration curve or read-out system.
B = mL of acid blank matrix used for dilution.
C = mL of sample aliquot.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 A calibration curve must be prepared each day with a minimum of a
reagent blank and three standards, verified by use of at least a reagent blank

and one standard at or near the mid-range. Checks throughout the day must be
within 20% of original curve.

8.3 If 20 or more samples per day are analyzed, the working standard
curve must be verified by running an additional standard at or near the mid-
range every 10 samples. Checks must be within +20% of true value.

8.4 At least one duplicate and one spike sample should be run every 20
samples, or with each matrix type to verify precision of the method.

7000 - 10

Revision 0
Date September 1986




8.5 Where the sample matrix is so complex that viscosity, surface
tension, and components cannot be accurately matched with standards, the
method of standard addition may be used (see Section 8.7 below).

8.6 Serial dilution: Withdraw from the sample two equal aliquots. To
one of the aliquots add a known amount of analyte and dilute both aliquots to
the same predetermined volume. (The dilution volume should be based on the
analysis of the undiluted sample. Preferably, the dilution should be 1:4,
while keeping in mind that the diluted value should be at least 5 times the
instrument detection 1imit. Under no circumstances should the dilution be
Tess than 1:1.) The diluted aliquots should then be analyzed, and the
unspiked results, multipiied by the dilution factor, should be compared to the
original determ1nat1on. Agreement of the results (within 10%) indicates the
absence of interference. Comparison of the actual signal from the spike with
the expected response from the analyte in an aqueous standard should help
confirm the finding from the dilution analysis.

8.7 Method of standard additions:

8.7.1 1In the simplest version of this method, equal volumes of
sample are added to a deionized distilled (Type II) water blank and to a
standard (refer to Paragraph 8.7.3). If a higher degree of accuracy is
required, more than one addition should be made. The absorbance of each
solution is determined and then plotted on the vertical axis of a graph,
with the concentrations of the known standards plotted on the horizontal
axis. When the resulting 1ine 1is extrapolated back to zero absorbance,
the point of interception of the abscissa 1is the concentration of the
unknown. The abscissa on the left of the ordinate is scaled the same as
on the right side, but in the opposite direction from the ordinate. An
example of a plot so obtained is shown in Figure 1.

8.7.2 The method of standard additions can be very useful; however,

for the results to be valid the following ]1m1tat1ons must be taken into
consideration:

a. The absorbance plot of sample and standards must be linear over
the concentration range of concern. For best results, the slope of
the plot should be nearly the same as the slope of the aqueous

standard curve. If the slope is significantly different (more than
20%), caution should be exercised.

b. The effect of the interference should not vary as the ratio of
analyte concentration to sample matrix changes, and the standard
addition should respond in a similar manner as the analyte.

c. The determination must be free of spectral interference and
corrected for nonspecific background interference.
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9.0

8.7.3 The simplest version of this technique is the single-addition
method, in which two identical aliquots of the sample solution, each of
Volume Vy, are taken. To the first (labeled A) is added a small volume
Vs of a standard analyte solution of concentration cg. To the second
(Tabeled B) is added the same volume Vg of the solvent. The analytical
signals of A and B are measured and corrected for nonanalyte signals.
The unknown sample concentration cx is calculated:

) V

[==)
m

where Sp and Sg are the analytical signals (corrected for the blank) of
solutions A and B, respectively. Vg and c¢g should be chosen so that Sp
is roughly twice Sg on the average. It is best if Vg is made much less
than Vyx, and thus cg is much greater than cy, to avoid excess dilution of
the sample matrix. If a separation or concentration step is used, the
additions are best made first and carried through the entire procedure.

METHOD PERFORMANCE

9.1 See individual methods.

10.0 REFERENCES

1.

U.S. Environmental Protection Agency, Methods for Chemical Analysis of

Water and Wastes, EPA-600/4-79-020 (revised March 1983).
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Figure 1. Standard Addition Plot.
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1.0

2.0

3.0

METHOD 7020
ALUMINUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Aluminum may be as much as 15% ionized in a nitrous-oxide/acetylene

flame. Use of an ionization suppressor (1,000 ug/mL K as KC1) as in Method
7000, Paragraph 3.1.4, will eliminate this interference.

3.3 Aluminum is a very common contaminant, and great care should be

taken to avoid contamination.

4.0

5.0

APPARATUS AND MATERIALS

4,1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

2.1 Aluminum hollow cathode lamp.

2.2 Wavelength: 324.7 nm.

2.3 Fuel: Acetylene.

.2.4 Oxidant: Nitrous oxide.

2.5 Type of flame: Fuel rich.

2.6 Background correction: Not required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g of aluminum metal in dilute
HC1 with gentle warming. Dilute to 1 liter with Type II water. Alterna-
tively, procure a certified standard from a supplier and verify by
comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing. Samples and standards should also contain 2 mL KC1/100 mL
solution (Paragraph 3.2 above).

5.3 Potassium chloride solution: Dissolve 95 g potassium chloride (KC1)
in Type II water and dilute to 1 liter.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 202.1 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 5-50 mg/L, with a wavelength of 309.3 nm.
Sensitivity: 1 mg/L.
Detection Timit: 0.1 mg/L.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
Method 202.1, December 1982. ‘
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METHOD 7040
ANTIMONY (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 In the presence of lead (1,000 mg/L), a spectral interference may
occur at the 217.6-nm resonance line. In this case, the 231.1-nm antimony
line should be used.

3.3 Increasing the acid concentrations decreases the antimony
absorption. To avoid this effect, the acid concentration in the samples and
in the standards should be matched.

3.4 Excess concentrations of copper and nickel (and possibly other
elements), as well as acids, can interfere with antimony analyses. If the
sample contains these matrix types, either matrices of the standards should be
matched to those of the sample or the sample should be analyzed using a
nitrous oxide/acetylene flame.

4.0 APPARATUS AND MATERIALS

4,1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

Antimony hollow cathode lamp or electrodeless discharge lamp.
Wavelength: 217.6 nm (primary); 231.1 nm (secondary).
Fuel: Acetylene.

1

2

3

.4 Oxidant: Air,

5 Type of flame: Fuel lean.

6 Background correction: Required.

5.0 REAGENTS

5.1 See Section 5.0 of Method 7000,
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5.2 Prepération of standards:

5.2.1 Stock solution: Carefully weigh 2.7426 g of antimony
potassium tartrate, K(Sb0)C4Hs06°1/2H20 (analytical reagent grade), and
dissolve in Type II water., Dilute to 1 liter with Type II water; 1 mL =
1 mg Sb (1,000 mg/L). Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should contain 0.2% (v/v) HNO3 and 1-2% v/v HCl1, prepared using the same
types of acid and at the same concentrations as in the sample after
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Method 3005. Method 3005, a soft digestion, is presently the
only digestion procedure recommended for Sh. It yields better recoveries than
either Method 3010 or Method 3050. There 1is no hard digestion for Sb at this
time.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration Procedure.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 1-40 mg/L with a wavelength of 217.6 nm.
Sensitivity: 0.5 mg/L.
Detection limit: 0.2 mg/L.

9.2 In a single 1laboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 5.0 and 15 mg
Sb/L gave the standard deviations of +0.08 and +0.1, respectively. Recoveries
at these levels were 96% and 97%, respectively.

9.3 For concentrations of antimony below 0.35 mg/L, the furnace
procedure (Method 7041) is recommended.
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10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 204.1.
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METHOD 7041
ANTIMONY (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000,

2.0 SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.
3.2 High lead concentration may cause a measurable spectral interference

on the 217.6-nm Tline. If this interference 1is expected, the secondary
wavelength should be employed or Zeeman background correction used.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

Drying time and temp: 30 sec at 125°C.

Ashing time and temp: 30 sec at 800°C.

Atomizing time and temp: 10 sec at 2700°C.

Purge gas: Argon or nitrogen.

Wavelength: 217.6 nm (primary); 231.1 nm (alternate).

Background correction: Required.

Other operating parameters should be set as specified by the

particu instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.

4
4
4
4
4
4.
4,
c
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5.0 REAGENTS

5.1 See Section 5.0 of Method 7000.
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5.2 Preparation:of standards:

5.2.1 Stock.  solution: Carefully weigh 2.7426 g of ‘- antimony
potassium tartrate (analytical reagent grade) and dissolve in Type II
water. Dilute to 1 1liter with Type II water; 1 mL = 1 mg Sb
(1,000 mg/L). Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should contain 0.2% (v/v) HNO3 and 1-2% (v/v) HC1, prepared using the
same types of acid and at the same concentrations as in the sample after
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Method 3005. Method 3005, a soft digestion, is presently the
only digestion procedure recommended for Sb. It yields better recoveries than
either Method 3010 or Method 3050. There 1s no hard digestion for Sb at this
time. : '

NOTE: The addition of HC1 acid to the digestate prevents the furnace

analysis of this digestate for many other metals.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
1s given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE
9.1 Precision and accuracy data are not available at this time.

9.2 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 20-300 ug/L.
Detection limit: 3 ug/L.
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10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 204.2.
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METHOD 7060
ARSENIC (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION

1.1 Method 7060 is an atomic absorption procedure approved for
determining the concentration of arsenic 1in wastes, mobility procedure
extracts, soils, and ground water. A1l samples must be subjected to an
appropriate dissolution step prior to analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis by Method 7060, samples must be prepared in order
to convert organic forms of arsenic to 1inorganic forms, to minimize organic
interferences, and to convert the sample to a suitable solution for analysis.
The sample preparation procedure varies depending on the sample matrix.
Aqueous samples are subjected to the acid digestion procedure described in

this method. Sludge samples are prepared using the procedure described in
Method 3050.

2.2 Following the appropriate dissolution of the sample, a
representative aliquot of the digestate is spiked with a nickel nitrate
solution and is placed manually or by means of an automatic sampler into a
graphite tube furnace. The sample aliquot is then slowly evaporated to
dryness, charred (ashed), and atomized. The absorption of hollow cathode or

EOL radiation during atomization will be proportional to the arsenic
concentration.

2.3 The typical detection limit for this method is 1 ug/L.

3.0 INTERFERENCES

3.1 Elemental arsenic and many of its compounds are volatile; therefore,
samples may be subject to losses of arsenic during sample preparation. Spike
samples and relevant standard reference materials should be processed to
determine if the chosen dissolution method is appropriate.

3.2 Likewise, caution must be employed during the selection of
temperature and times for the dry and char (ash) cycles. A nickel nitrate
solution must be added to all digestates prior to analysis to minimize
volatilization losses during drying and ashing.

3.3 In addition to the normal interferences experienced during graphite
furnace analysis, arsenic analysis can suffer from severe nonspecific
absorption and 1ight scattering caused by matrix components during
atomization. Arsenic analysis 1is particularly susceptible to these problems
because of its low analytical wavelength (193.7 nm). Simultaneous background
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correction must be employed to avoid erroneously high results. Aluminum is a
severe positive interferent in the analysis of arsenic, especially using D7

arc background correction. Zeeman background correction 1is very useful in
this situation. ,

3.4 If the analyte is not completely volatilized and removed from the
furnace during atomization, memory effects will occur. If this situation is

detected by means of blank burns, the tube should be cleaned by operating the
furnace at full power at regular intervals in the analytical scheme.

4.0 APPARATUS AND MATERIALS
4.1 Griffin beaker: 250 mL.

- 4,2 Volumetric flasks: 10-mL.

4.3 Atomic absorption spectrophotometer: Single or dual channel,
single- or double-beam instrument having a grating monochromator, photo-
multiplier detector, adjustable slits, a wavelength range of 190 to 800 nm,

and provisions for simultaneous background correction and interfacing with a
strip-chart recorder. '

4.4 Arsenic hollow cathode lamp, or electrodeless discharge lamp (EDL):
EDLs provide better sensitivity for arsenic analysis.

4.5 Graphite furnace: Any graphite furnace device with the appropriate
temperature and timing controls. :

4.6 Strip-chart recorder: A recorder is strongly recommended for
furnace work so that there will be a permanent record and so that any problems
with the analysis such as drift, incomplete atomization, losses during
charring, changes 1n sensitivity, etc., can easily be recognized.

4.7- Pipets: Microliter with disposable tips. Sizes can range from
5 to 1,000 uL, as required.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities. (

5.2 Concentrated nitric acid: Acid shou]& be analyzed to determine
levels of impurities. If a method blank using the acid is <MDL, the acid can

be used.

5.3. Hydrogen peroxide (30%): Oxidant should be analyzed to determine

levels of impurities. If a method blank using the H202 is {MDL, the acid can
be used. o '

7060 — 2

Revision 0
Date September 1986




. 5.4 Arsenic standard stock solution (1,000 mg/L): Either procure a
certified aqueous standard from a supplier and verify by comparison with a
second standard, or dissolve 1.320 g of arsenic trioxide (Aszo?, analytical
reagent grade) or equivalent in 100 mL of Type II water containing 4 g NaOH.
Acidify the solution with 20 mL concentrated HNO3 and dilute to 1 liter

(1 mL =1 mg As).

A 5.5 Nickel nitrate solution (5%): Dissolve 24.780 g of ACS reagent
grade Ni(NO3)2°6H20 or equivalent in Type II water and dilute to 100 mL.

5.6 Nickel nitrate solution (1%): Dilute 20 mL of the 5% nickel nitrate
to 100 mL with Type II water.

5.7 Arsenic working standards: Prepare dilutions of the stock solution
to be used as calibration standards at the time of the anmalysis. Withdraw
appropriate aliquots of the stock solution, add 1 mL of concentrated HNO3,
2 mL of 30% H202, and 2 mL of the 5% nickel nitrate solution. Dilute to
100 mL with Type II water.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic

analysis) may have to be used {if very volatile arsenic compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of {2 with nitric acid.

6.5 Nonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible.

7.0 PROCEDURE

7.1 Sample preparation: Aqueous samples should be prepared in the
manner described in Paragraphs 7.1.1-7.1.3. Sludge-type samples shoulid be
prepared according to Method 3050. The applicability of a sample-preparation
technique to a new matrix type must be demonstrated by analyzing spiked
samples and/or relevant standard reference materials.

7.1.1 Transfer 100 mL of well-mixed sampie to a 250-mL Griffin
beaker; add 2 mL of 30% H$02 and sufficient concentrated HNO3 to result

in an acid concentration of 1% (v/v). Heat for 1 hr at 95°C or until the
volume is slightly less than 50 mL.

7.1.2 Cool and bring back to 50 mL with'Type I1 water,
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7.1.3 Pipet 5 mL of this digested solution into a 10-mL volumetric
flask, add 1 mL of the 1% nickel nitrate solution, and dilute to 10 mL
with Type II water. The sample 1is now ready for injection into the
furnace.

7.2 The 193.7-nm wavelength 1ine and a background correction system are
required. Follow the manufacturer's suggestions for all other spectrophoto-
meter parameters.

7.3 Furnace parameters suggested by the manufacturer should be employed
as guidelines. Because temperature-sensing mechanisms - and - temperature
controllers can vary between - instruments or with time, the validity of the
furnace parameters must be periodically confirmed by systematically altering
the furnace parameters while analyzing a standard. In this manner, losses of
analyte due to overly high temperature settings or losses in sensitivity due
to less than optimum settings can be minimized. Similar verification of
furnace parameters may be required for complex sample matrices.

7.4 Inject a measured microliter aliquot of sample into the furnace and
atomize. If the concentration found is greater than the highest standard, the
sample should be diluted in the same acid matrix and reanalyzed. The use of

multiple injections can 1improve accuracy and help detect furnace pipetting
errors. A -

7.5 Analyze all EP extracts, all'samples analyzed as part of a delisting

petition, and all samples that suffer from matrix 1nterferences by the method
of - standard additions.

7.6 Run a check standard after every 10 injections of samples.
Standards are run in part to monitor the life and performance of the graphite
tube. Lack of reproducibility or significant change 1in the signal for the
standard indicates that the tube should be replaced.

7.7 Calculate metal concentrations by (1) the method of standard
additions, or (2) from a calibration curve, or (3) directly from the
instrument's concentration readout. A1l dilution or concentration factors
must be taken into account. Concentrations reported for multiphased samples
must be appropriately qualified (e.g., 5 ug/g aqueous phase).

7.8 Duplicates, spiked samples, and check standards should be routinely
analyzed.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or 1nspect10n.

8.2 Ca11brat10n curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.
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8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 20 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

8.7 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 206.2 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The optimal concentration range for this method is 5-100 ug/L.
9.3 The data shown in Table 1 were obtained from records of state and

contractor laboratories. The data are intended. to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 206.2.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory

Matrix Method Replicates
Contaminated soil 3050 2.0, 1.8 ug/g
01ly soil : 3050 3.3, 3.8 ug/g
NBS SRM 1646 Estuarine sediment 3050 ' 8.1, 8.33 ug/g?

Emission control dust 3050 ' 430, 350 ug/g

aBias of -30 and -28% from expected, respectivé]y.
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METHOD 7061
ARSENIC (ATOMIC ABSORPTION, GASEOUS HYDRIDE)

1.0 SCOPE AND APPLICATION

1.1 Method 7061 is an atomic absorption procedure for determining the
concentration of arsenic in wastes, mobility procedure extracts, soils, and
ground water. Method 7061 is approved only for sample matrices that do not
contain high concentrations of chromium, copper, wmercury, nickel, silver,
cobalt, and molybdenum. A1l samples must be subjected to an appropriate
dissolution step prior to analysis. Spiked samples and relevant standard
reference materials are employed to determine the applicability of the method
to a given waste,

2.0 SUMMARY OF METHOD

2.1 Samples are prepared according to the nitric/sulfuric acid digestion
procedure described in this method (Paragraph 7.1). Next, the arsenic in the
digestate is reduced to the trivalent form with tin chloride. The trivalent
arsenic is then converted to a volatile hydride using hydrogen produced from a
zinc/HC1 reaction.

2.2 The volatile hydride is swept into an argon-hydrogen flame located
in the optical path of an atomic absorption spectrophotometer. The resulting
absorption of the lamp radiation is proportional to the arsenic concentration.

2.3 The typical detection limit for this method is 0.002 mg/L.

3.0 INTERFERENCES

3.1 High concentrations of chromium, cobalt, copper, mercury,
moiybdenum, nickel, and silver can cause analytical interferences.

3.2 Traces of nitric acid left following the sample work-up can result
in analytical interferences. Nitric acid must be distilled off by heating the
sample until fumes of SO3 are observed.

3.3 Elemental arsenic and many of its compounds are volatile; therefore,
certain samples may be subject to losses of arsenic during sample preparation.

4.0 APPARATUS AND MATERIALS
4,1 Beaker: 100-mL.

4.2 Electric hot plate.
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4,3 A commercially available zinc slurry/hydride generator or a
generator constructed from the following materials (see Figure 1):

4.3.1 Medicine dropper: Capable of fitting into a size "0" rubber
stopper and delivering 1.5 mL.

4.3.2 Pear-shaped reaction flask: 50-mL, with two 14/20 necks
(Scientific Glass JM-5835).

4.3.3 Gas inlet-outlet tube: Constructed from a micro cold-finger

condenser (JM-3325) by cutting the portion below the 14/20 ground-glass
joint.

4.3.4 Magnetic stirrer: To homogenize the zinc slurry.

4,3.5 Polyethylene drying tube: 10-cm, filled with glass to
prevent particulate matter from entering the burner.

4.3.6 Flow meter: Capable of measuring 1 liter/min.

4.4 Atomic absorption spectrophotometer: Single or dual channel,
single- or double-beam instrument having a grating monochromator, photo-
multiplier detector, adjustable slits, a wavelength range of 190 to 800 nm,
and provisions for interfacing with a strip-chart recorder.

4.5 Burner: Recommended by the particu]af instrument manufacturer for
the argon-hydrogen flame.

4.6 Arsenic hollow cathode lamp or arsenic electrodeless discharge lamp.

4.7 Strip-chart recorder.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Concentrated nitric acid (HNO3): Acid should be analyzed to

determine levels of impurities. If a method blank is {MDL, the acid can be
used. .

5.3 Concentrated sulfuric acid (HpSOg): Acid should be analyzed to

determine Tevels of impurities. If a method blank is {MDL, the acid can be
used.

5.4 Concentrated hydrochloric acid (HC1): Acid should be analyzed to

determine levels of impurities. If a method blank is {MDL, the acid can be
used.
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Figure 1. Zinc slurry hydride generator apparatus set-up and AAS sample introduction system.
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5.5 Diluent: Add 100 mL 18 N H2SO4 and 400 mL concentrated HC1 to

400 mL Type II water and dilute to a final volume of 1 liter with Type II
water,

5.6 Potassium iodide so]utlon Dissolve 20 g KI in 100 mL Type II
water.

5.7 Stannous chloride solution: Dissolve 100 g SnClp 1in 100 mL
concentrated HCI.

5.8 Arsenic solutions:

5.8.1 Arsenic standard solutfon (1,000 mg/L): Either procure a
certified aqueous standard from a supplier and verify by comparison with
a second standard, or dissolve 1.320 g of arsenic trioxide As03
(analytical reagent grade) or equivalent in 100 mL of Type II water

containing 4 g NaOH. Acidify the solution with 20 mL concentrated HNOj3
and dilute to 1 liter.

5.8.2 Intermediate arsenic solution: Pipet 1 mL stock arsenic
solution into a 100-mL volumetric flask and bring to volume with Type II
water containing 1.5 mL concentrated HNO3/liter (1 mL = 10 ug As).

5.8.3 Standard arsenic solution: Pipet 10 mL intermediate arsenic
solution into a 100-mL volumetric flask and bring to volume with Type II
water containing 1.5 mL concentrated HNO3/liter (1 mL = 1 ug As).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic

analysis) may have to be used 1f very volatile arsenic compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of <2 with nitric acid.

6.5 MNonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible.

7.0 PROCEDURE

7.1 Place a 50-mL aliquot of digested sample (or, 1in the case of
analysis of EP extracts, 50 mL) of the material to be analyzed in a 100-mL
beaker. Add 10 mL concentrated HNO3 and 12 mL 18 N HpSO4. Evaporate the
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sample in the hood on an electric hot plate until white SO3 fumes are observed
(a volume of about 20 mL). Do not 1let the sample char. If charring occurs,
immediately turn off the heat, cool, and add an additional 3 mL of HNO3.
Continue to add additional HNO3 in order to maintain an excess (as evidenced
by the formation of brown fumes). Do not let the solution darken, because
arsenic may be reduced and lost. When the sample remains colorless or straw
yellow during evolution of SO3 fumes, the digestion is complete. Cool the
sample, add about 25 mL Type II water, and again evaporate until SO3 fumes are
produced in order to expel oxides of nitrogen. Cool. Transfer the digested
sample to a 100-mL volumetric flask. Add 40 mL of concentrated HC1 and bring
to volume with Type II water.

7.2 Prepare working standards from the standard arsenic solution.
Transfer 0, 0.5, 1.0, 1.5, 2.0, and 2.5 mL of standard to 100-mL volumetric
flasks and bring to volume with diluent. These concentrations will be 0, 5,
10, 15, 20, and 25 ug As/liter.

7.3 If EP extracts are being analyzed or 1if a matrix interference is
encountered, take the 15-, 20-, and 25-mg/liter standards and quantitatively
transfer 25 mL of each of these standards 1into separate 50-mL volumetric
flasks. Add 10 mL of the prepared sample to each flask. Bring to volume with
Type II water containing 1.5 mL HC1/liter.

7.4 Add 10 mL of prepared sample to a 50-mL volumetric flask. Bring to
volume with Type II water containing 1.5 mL HC1/liter. This is the zero
addition aliquot.

NOTE: The absorbance from the zero addition aliquot will be one-fifth
that produced by the prepared sample. The absorbance from the
spiked samples will be one-half that produced by the standards
plus the contribution from one-fifth of the prepared sample.
Keeping these absorbances 1in mind will assist 1in judging the
correct dilutions to produce optimum absorbance. :

7.5 Transfer a 25-mL portion of the digested sample or standard to the
reaction vessel and add 1 mL KI solution. Add 0.5 mL SnClp solution. Allow
at least 10 min for the metal to be reduced to its lowest oxidation state.
Attach the reaction vessel to the special gas inlet-outlet glassware. Fill
the medicine dropper with 1.50 mL zinc slurry that has been kept in suspension
with the magnetic stirrer. Firmly insert the stopper containing the medicine
dropper into the side neck of the reaction vessel. Squeeze the bulb to
introduce the zinc slurry into the sample or standard solution. The metal
hydride will produce a peak almost immediately. After the recorder pen begins
to return to the base 1ine, the reaction vessel can be removed. .

CAUTION: Arsine is very toxic. Precautions must be taken to avoid

inhaling arsine gas.

7.6 Use the 193.7-nm wavelength and background correction for the
analysis of arsenic.
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7.7 Follow the manufacturer's instructions for operating an argon-
hydrogen flame. The argon-hydrogen flame is colorless; therefore, it may be

useful to aspirate a low concentration of sodium to ensure that ignition has
occurred.

7.8 If the method of standard additions was employed, plot the
absorbances of spiked samples and blank vs. the concentrations. The
extrapolated value will be one-fifth the concentration of the original sample.
If the plot does not result in a straight line, a nonlinear interference is
present. This problem can sometimes be overcome by dilution or addition of
other reagents if there is some knowledge about the waste. If the method of

standard additions was not required, then the concentration can be part of the
calibration curve.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis. :

8.3 Dilute samples if they 'are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
- contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 20 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

8.7 The method of standard additions shall be used for the analysis of
all EP extracts, on all analyses submitted as part of a delisting petition,
and whenever a new sample matrix is being analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 206.3 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods For Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 206.3.
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METHOD 7080
BARIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected. -
3.2 High hollow cathode current settings and a narrow spectral band pass

must be used, because both barium and calcium emit strongly at barium's
analytical wavelength.

3.3 Barium undergoes significant dionization in the nitrous oxide/
acetylene flame, resulting in a significant decrease in sensitivity. All

samples and standards must contain 2 mL of the KC1 ionization suppressant
(Section 5.2.3 below) per 100 mL of solution.

4,0 APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Barium hollow cathode lamp.

2 Wavelength: 553.6 nm.

3 Fuel: Acetylene.

.4 Oxidant: Nitrous oxide.

5 Type of flame: Fuel rich.

6 Background correction: Not required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.,7787 g barium chloride
(BaC12-2H0, analytical reagent grade in Type II water and dilute to
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1 1iter. Alternatively, procure a certified standard from a supplier and
verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing. All calibration standards and samples should contain
2 mL/100 mL of the potassium chloride (fonfzation suppressant) solution
described in Section 5.2.3.

5.2.3 Potassium chloride solution: Dissolve 95 g potassium
chloride (KC1) in Type II water and dilute to 1 liter.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 ‘METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 1-20 mg/L with a wavelength of 553.6 nm.
Sensitivity: 0.4 mg/L.

Detection limit: 0.1 mg/L.

9.2 In a single Tlaboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 0.4 and 2 mg
Ba/L gave standard deviations of +0.043 and +0.13, respectively. Recoveries
at these levels were 94% and 113%, respective]y

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 208.1.
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METHOD 7090
BERYLLIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000,

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction may be required because nonspecific absorption
and light scattering can be significant at the analytical wavelength.

3.3 Concentrations of aluminum greater than 500 ppm may suppress
beryllium absorbance. The addition of 0.1% fluoride has been found effective

in eliminating this interference. High concentrations of magnesium and

silicon cause similar problems and require the use of the method of standard
additions.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

4.2.1 Beryllium hollow cathode lamp.
4.2.2 Wavelength: 234.9 nm.

4,2.3 Fuel: Acetylene.

4,2.4 Oxidant: Nitrous oxide.

4,2.5 Type of flame: Fuel rich.

4,2.6 Background correction: Required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 11.6586 g beryllium sulfate, BeSOg,
in Type II water containing 2 mL nitric acid and dilute to 1 liter.
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6.0

7.0

Beryllium metal can also be dissolved in HySO4. Alternatively, procure a
certified standard from a supplier and verify by comparison with a second
standard.

5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing (0.5% v/v HNO3).

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

PROCEDURE

7.1 Sample Preparation: The procedures for preparation of the sample

are given in Chapter Three, Section 3.2,

8.0

9.0

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-

ferences are:

Optimum concentration range: 0.05-2 mg/L with a wavelength of 234.9 nm.
Sensitivity: 0.025 mg/L.
Detection 1imit: 0.005 mg/L.

9.2 In a single laboratory, analysis of a mixed industrial-domestic

waste effluent, digested with Method 3010, at concentrations of 0.01 and 0.25
mg/L gave standard deviations of +0.001 and +0.002, respectively. Recoveries
at these levels were 100% and 97%, respectively.

9.3 For concentrations of beryllium below 0.02 mg/L, the furnace proce-

 dure (Method 7091) is recommended.

10.0 REFERENCES

1.

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,

December 1982, Method 210.1.
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METHOD 7091
BERYLLIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 The long residence time and high concentrations of the atomized
sample in the optical path of the graphite furnace can result in severe

physical and chemical interferences. Furnace parameters must be optimized to
minimize these effects.

3.3 In addition to the normal interferences experienced during graphite
furnace analysis, beryllium analysis can suffer from severe nonspecific ab-
sorption and light scattering caused by matrix components during atomization.
Simultaneous background correction s required to avoid erroneously high
results.

4.0 APPARATUS AND MATERIALS
4,1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

1 Drying time and temp: 30 sec at 125°C.

2 Ashing time and temp: 30 sec at 1000°C.

3 Atomizing time and temp: 10 sec at 2800°C.

.4 Purge gas: Argon.

5 Wavelength: 234.9 nm.

6 Background correction: Required.

4.2.7 Other operating parameters should be set as specified by the
particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the use of a 20-uL injectfon,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.
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5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 11.6586 g beryllium sulfate, BeSO4,
in Type II water containing 2 mL concentrated nitric acid and dilute to
1 liter. Beryllium metal can also be dissolved in acid. Alternatively,

procure a certified standard from a supplier and verify by comparison
with a second standard.

A

5.2.2 Prepare dilutions of the stock solution to be used as cali-
bration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v -HNO3).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE | |

7.1 Sample Preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2. :

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.
9.0 METHOD PERFORMANCE
9.1 Precision and accuracy data are not available at this time.

9.2 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 1-30 ug/L.
Detection limit: 0.2 ug/L.

10.0 REFERENCES

1. Methods for Chémical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 210.2.
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1.0

2.0

3.0

METHOD 7130
CADMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.
3.2 Nonspecific absorption and 1ight scattering can be significant at

the analytical wavelength. Thus background correction is required.

4.0

5.0

APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Cadmium hollow cathode lamp.

2 Wavelength: 228.8 nm.

3 Fuel: Acetylene.

.4 Oxidant: Air.

5 Type of flame: Oxidizing (fuel lean).
6 Background correction: Required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g cadmium metal (analytical
reagent grade) im 20 mL of 1:1 HNO3 and dilute to 1 Titer with Type II
water. Alternatively, procure a certified standard from a supplier and
verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as cali-
bration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
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concentration as will result in the sample to be analyzed after
processing. ' ' o

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous samp]e free of inter-
ferences are:

Optimum concentration range: 0.05-2 mg/L with a wavelength of 228.8 nm.
Sensitivity: 0.025 mg/L.
Detection 1imit: 0.005 mg/L.

9.2 For concentrations of cadmium below 0.02 mg/L, the furnace procedure
(Method 7131) is recommended.

9.3 Precision and accuracy data are available in Method 213.1 of Methods
for Chemical Analysis of Water and Wastes.

. 9.4 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are 1intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 213.1. _

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix ~ Method ‘ Replicates
Emission control dust 3050 2,770, 1,590 ug/g
Wastewater treatment sludge 3050 12,000, 13,000 ug/g
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METHOD 7131
CADMIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.
3.2 In addition to the normal interferences experienced during graphite
furnace analysis, cadmium analysis can suffer from severe nonspecific absorp-

tion and light scattering caused by matrix components during atomization.

Simultaneous background correction 1is required to avoid erroneously high
results.

3.3 Excess chloride may cause premature volatilization of cadmium.
Ammonium phosphate used as a matrix modifier minimizes this loss.

3.4 Many plastic pipet tips (yellow) contain cadmium. Use “"cadmium-
free" tips.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Drying time and temp: 30 sec at 125°C.

2 Ashing time and temp: 30 sec at 500°C.

3 Atomizing time and temp: 10 sec at 1900°C.

.4 Purge gas: Argon.

5 Wavelength: 228.8 nm.

.2.6 Background correction: Required.

4,2.7 Other operating parameters should be set as specified by the
particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller sizes
of furnace devices or those employing faster rates of atomization
can be operated using lower atomization temperatures for shorter
time periods than the above-recommended settings.
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5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g of cadmium metal
(analytical reagent grade) in 20 mL of 1:1 HNO3 and dilute to 1 liter
with Type II water. Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

5.2.2’ Prepare dilutions of the stock cadmium solution to be used as
calibration standards at the time of analysis. To each 100 mL of
standard and sample alike add 2.0 mL of the ammonium phosphate solution.
The calibration standards should be prepared to contain 0.5% (v/v) HNO3.

5.2.3 Ammonium phosphate solution (40%): Dissolve 40 g of ammonium
phosphate, (NHq)2HPO4 (analytical reagent grade), in Type II water and
dilute to 100 mL.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE ' ‘ .

7.1 Sample preparation: The procedures for preparation of the samp]e
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 213.2 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The performance characteristics for an aqueous samp]e free of inter-
ferences are:

Optimum concentration range: 0.5-10 ug/L.
Detection limit: 0.1 ug/L.
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9.3 The data shown in Table 1 were obtained from records of state anc
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 213.2.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory

Matrix Method Replicates
Lagoon soil 3050 0.10, 0.095 ug/g
NBS SRM 1646 Estuarine sediment . 3050 0.35 ug/g?
Solvent extract of oily waste 3030

1.39, 1.09 ug/L

aBias of -3% from expected value.
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1.0
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METHOD 7140
CALCIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES
3.1 See Section 3.0 of Method 7000.
3.2 All elements forming stable oxyanions (P, B, Si, Cr, S, V, Ti, Al,

etc.) will compliex calcium and interfere unless lanthanum is added. Addition
of lanthanum to prepared samples rarely presents a problem because virtually
all environmental samples contain sufficient calcium to require dilution to be
in the linear range of the method.

3.3 PO, SO4, and Al are interferents. High concentrations of Mg, Na,

and K interfere.

4.0 APPARATUS AND MATERIALS

5.0

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

1 Calcium hollow cathode lamp.

2 Wavelength: 422.7 nm.

3 Fuel: Acetylene.
.4 Oxidant: Nitrous oxide.

5 Type of flame: Stoichiometric.

6 Background correction: Not required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Suspend 2.500 g of CaCO3 (analytical reagent
grade, dried for 1 hr at 180°C) in Type II water and dissolve by adding a
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minimum of dilute HCI. Dilute to 1 1liter with Type II water.
Alternatively, procure a certified standard from a supp]ier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after

processing, including 1 mL of Tlanthanum chloride per 10 mL sample or
standard (see Paragraph 5.2.3).

5.2.3 Lanthanum chloride solution: Dissolve 29 g Laz03 in 250 mL
concentrated HC1 -

CAUTION: REACTION IS VIOLENT -
and dilute to 500 mL with Type II water.

6.0 SAMPLE COLLECTION, PRESEﬁVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 215.1 of Methods
for Chem1ca1 Analysis of Water and Wastes.

9.2 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 0.2-7 mg/L with a wavelength of 422.7 nm.
Sensitivity: 0.08 mg/L. -

Detection 1imit: 0.01 mg/L.

10.0 REFERENCES

1. Methods for Chemical Ana]yéis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 215.1.
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METHOD 7190
CHROMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 An ionization interference may occur if the samples have a signifi-
cantly higher alkali metal content than the standards. If this interference

is encountered, an ionization suppressant (KC1) should be added to both
samples and standards.

3.3 Background correction may be required because nonspecific absorption
and scattering can be significant at the analytical wavelength. Background

correction with certain instruments may be difficult at this wavelength due to

low-intensity output from hydrogen or deuterium lamps. Consult the specific
instrument manufacturer's literature for details.

4.0 APPARATUS AND MATERIALS
4,1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Chromium hollow cathode lamp.

2 Wavelength: 357.9 nm.

3 Fuel: Acetylene.

.4 Oxidant: Nitrous oxide.

5 Type of flame: Fuel rich.

6 Background correction: Not required.

5.0 REAGENTS

5.1 See Section 5.0 of Method 7000.
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5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.923 g of chromium trioxide (Cro
analytical reagent grade) in Type II water, -acidify with redisti]]ed
HNO3, and dilute to 1 1iter. Alternatively, procure a certified standard
from a supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as cali-
bration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing. :

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, SampTe Handiing and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2..

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 0.5-10 mg/L with a wavelength of 357.9 nm.
Sensitivity: 0.25 mg/L.
Detection 1limit: 0.05 mg/L.

9.2 For concentrations of chromium below 0.2 mg/L, the furnace procedure
(Method 7191) is recommended.

9.3 Precision and accuracy data are available in Method 218.1 of Methods
for Chemical Analysis of Water and Wastes.

9.4 The data shown in'Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.
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10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.1.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Wastewater treatment sludge 3050 6,100, 6,000 ug/g
Emission control dust 3050 - 2.0, 2.8 ug/g
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METHOD 7191
CHROMIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Low concentrations of calcium and/or phosphate may cause
interferences; at concentrations above 200 mg/L, calcium's effect is constant

and eliminates the effect of phosphate. Calcium nitrate is therefore added to
ensure a known constant effect.

3.3 Nitrogen should not be used as the purge gas because of a possible
CN band interference.

3.4 Background correction may be required because nonspecific absorption
and scattering can be significant at the analytical wavelength. Background
correction with certain instruments may be difficult at this wavelength due to

low-intensity output from hydrogen or deuterium 1lamps. Consult the specific
instrument manufacturer's literature for details.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Drying time and temp: 30 sec at 125°C.

2 Ashing time and temp: 30 sec at 1000°C.

3 Atomizing time and temp: 10 sec at 2700°C.

4 Purge gas: Argon (nitrogen should not be used).

5 Wavelength: 357.9 nm.

6 Background correction: Not required.

7 Other operating parameters should be set as specified by the
particular instrument manufacturer.

he above concentration values and instrument conditions are for a

erkin-Elmer HGA-2100, based on the use of a 20-uL injection,

2.
2.
.2,
2.
2.
2
2.
NOTE: T
P
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continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.923 g of chromium trioxide (Cr03,
analytical reagent grade) in Type II water, acidify with redistilled
HNO3, and dilute to 1 liter. Alternatively, procure a certified standard
from a supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These standards should be
prepared to contain 0.5% (v/v) HNO3; 1 mL of 30% H»02 and 1 mL of calcium

nitrate solution, Section 5.2.3, may be added to lessen interferences
(see Section'3.0).

5.2.3 Calcium nitrate solution: Dissolve 11.8 g of calcium

nitrate, Ca(NO3)2°4Ho0 (analytical reagent grade), in Type II water and
dilute to 1 liter. '

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 218.2 of Methods
for Chemical Analysis of Water and Wastes.
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9.2 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 5-100 ug/L.
Detection limit: 1 ug/L.

9.3 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.2.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory

Matrix Method Replicates
Paint primer 3050 2.7, 2.8 mg/g
Contaminated soil 3050 12,0, 12.3 ug/g
0ily Tagoon soil 3050 69.6, 70.3 ug/g
NBS SRM 1646 Estuarine sediment 3050 42, 47 ug/g?
EPA QC Sludge 3050 156 ug/gb
NBS SRM 1085, Wear Metals in

Tubricating ofl 3050 311, 356 ug/g°¢

aBias of -45 and -38% from expected, respectively.
bBias of -24% from expected.

CBias of +4 and +19% from expected, respectively.
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METHOD 7195
CHROMIUM, HEXAVALENT (COPRECIPITATION)

1.0 SCOPE AND APPLICATION

1.1 Method 7195 is to be used to determine the concentration of dis-
solved hexavalent chromium [Cr(VI)] 1in Extraction Procedure (EP) toxicity
characteristic extracts and ground waters. This method may also be applicable
to certain domestic and industrial wastes, provided that no interfering
substances are present (see Paragraph 3.1 below).

1.2 Method 7195 may be used to analyze samples containing more than 5 ug
of Cr(VI) per liter. Either flame or furnace atomic absorption spectroscopy
(Methods 7190 and 7191) can be used with coprecipitation.

2.0 SUMMARY OF METHOD

2.1 Method 7195 is based on the separation of Cr(VI) from solution by
coprecipitation of lead chromate with 1lead sulfate 1in a solution of acetic
acid. After separation, the supernate [containing Cr(III)] is drawn off and
the precipitate is washed to remove occluded Cr(III). The Cr(VI) is then
reduced and resolubilized in nitric acid and quantified as Cr(III) by efther
flame or furnace atomic absorption spectroscopy (Methods 7190 and 7191{.

3.0 INTERFERENCES

3.1 Extracts containing either sulfate or chloride in concentrations
above 1,000 mg/L should be diluted prior to analysis.

4.0 APPARATUS AND MATERIALS

4.1 Filtering flask: Heavy wall, 1-liter capacity.

4.2 Centrifuge tubes: Heavy duty, conical, graduated, glass-stoppered,
10-mbL capacity.

4,3 Pasteur pipets: Borosilicate glass, 6.8 cm.

4.4 Centrifuge: Any centrifuge capable of reaching 2,000 rpm and
accepting the centrifuge tubes described in Section 4.2 may be used.

4.5 pH meter: A wide variety of instruments are commercially available
and suitabie for this work.

4.6 Test tube mixer: Any mixer capable of imparting a thorough vortex
is acceptable.
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5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities. ' -

5.2 Lead nitrateﬂso1ut16n: Dissolve 33.1 g of lead nitrate, Pb(NO3)2
(analytical reagent grade), in Type II water and dilute to 100 mL.

5.3 Ammonium sulfate solution: Dissolve 2.7 g of ammonium sulfate,
(NHg) 2S04 (analytical reagent grade), in Type II water and dilute to 100 mL.

5.4 Calcium nitrate solution: Dissolve 11.8 g of calcium nitrate,

Ca(NO3) 4H20 (analytical reagent grade), in Type II water and dilute to
100 mL %1 = 20 mg Ca).

5.5 Nitric acid: Concentrated, distilled reagent grade or spectrograde
quality. -

5.6 Acetic acid, glacial, 10% (v/v): Dilute 10 mL glacial acetic acid,
CH3COOH (ACS reagent grade), to 100 mL with Type II water.

5.7 Ammonium hydroxide, 10% (v/v):  Dilute 10 mL concentrated ammonium
hydroxide, NH40H (analytical reagent grade), to 100 mL with Type II water.

5.8 Hydrogen peroxide, 30%: ACS reagent grade.

5.9 Potassium dichromate standard solution: Dissolve 28.285 g of dried

potassium dichromate, KoCr07 (analytical reagent grade), in Type II water and
dilute to 1 liter (1 mL = 10 mg Cr).

5.10 Trivalent chromium working stock solution: To 50 mL of the potas-
sium dichromate standard solution, add 1 mL of 30% H202 and 1 mL concentrated
HNO3 and dilute to 100 mL with Type II water (1 mL = 5.0 mg trivalent chro-
mium). Prepare fresh monthly, or as needed. '

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Since the stability of Cr(VI) in EP extracts 1is not completely

understood at this time, the analysis should be carried out as soon as
possible.

6.3 To retard the chemical activity of hexavalent chromium, samples and

extracts should be stored at 4°C until analyzed. The maximum holding time
prior to analysis is 24 hr.
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7.0 PROCEDURE

7.1 Transfer a 50-mL portion of the sample to a 100-mL Griffin beaker
and adjust to a pH of 3.5 + 0.3 by adding volumes of 10% acetic acid dropwise.
Proceed immediately to Step 7.2, taking no Tlonger than 15 min between these
steps. ‘
NOTE: Care must be exercised not to take the pH below 3. If the pH is

inadvertently lowered to {3, 10% NH40H should be used to readjust
the pH to 3.5 + 0.3.

7.2 Pipet a 10-mL aliquot of the adjusted sample into a centrifuge tube.
Add 100 uL of the lead nitrate solution, stopper the tube, mix the sample, and
allow to stand for 3 min.

7.3 After the formation of lead chromate, to help retain Cr(III) complex
in solution, add 0.5 mL glacial acetic acid, stopper, and mix.

7.4 To provide adequate lead sulfate for coprecipitation, add 100 uL of
ammonium sulfate solution, stopper, and mix.

7.5 Place the stoppered centrifuge tube in the centrifuge, making sure
that the tube is properly counterbalanced. Start the centrifuge and slowly
increase the speed to 2,000 rpm in small increments over a period of 5 min.
Hold at 2,000 rpm for 1 min.

NOTE: The speed of the centrifuge must be increased slowly to ensure

complete coprecipitation.

7.6 After centrifuging, remove the tube and withdraw and discard the
supernate using either the apparatus detailed in Figure 1 or careful
decantation. If using the vacuum apparatus, the pasteur pipet is lowered into
the tube and the supernate is sucked over into the filtering flask. With
care, the supernate can be withdrawn to within approximately 0.1 mL above the
precipitate. Wash the precipitate with 5 mL Type II water and repeat steps
7.5 and 7.6; then proceed to 7.7.

7.7 To the remaining precipitate, add 0.5 mL concentrated HNO3, 100 uL
30% Hpo0>, and 100 uL calcium nitrate solution. Stopper the tube and mix,
using a vortex mixer to disrupt the precipitate and solubilize the lead

chromate. Dilute to 10 mL, mix, and analyze 1in the same manner as the
calibration standard.

7.8 Flame atomic absorption: At the time of analysis, prepare a blank
and a series of at least four calibration standards from the Cr(III) working
stock that will adequately bracket the sample and cover a concentration range
of 1 to 10 mg Cr/L. Add to the blank and each standard, before diluting to
final volume, 1 mL 30% Hpo02, 5 mbL concentrated HNO3, and 1 mL calcium nitrate
solution for each 100 mL of prepared solution. These calibration standards

should be prepared fresh weekly, or as needed. Refer to Method 7090 for more
detail.
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7.9 Furnace atomic absorption: At the time of analysis, prepare a blank
and a series of at Teast four calibration standards from the Cr(III) working
stock that will adequately bracket the sample and cover a concentration range
of 5 to 100 ug.Cr/L. Add to the blank and each standard, before diluting to
final volume, 1 mL 30% Hp0p, 5 mL concentrated HNO3, and 1 mL calcium nitrate
solution for each 100 mL of prepared solution. These calibration standards
should be prepared fresh weekly, or as needed. Refer to Method 7191 for more
detail. '

7.10 Verification:.

7.10.1 For every sample matrix analyzed, verification is required
to ensure that neither a reducing condition nor chemical interference is
affecting precipitation. This must be accomplished by analyzing a second
10-mL aliquot of the pH-adjusted filtrate that has been spiked with
Cr(VI).  The amount of spike added should double the concentration found
in the original aliquot. Under no circumstance should the increase be
less than 30 ug/L Cr(VI). To verify the absence of an 1nterference the
spike recovery must be between 85% and 115%.

7.10,2 If addition of the spike extends the concentration beyond
the calibration curve, the analysis solution should be diluted with blank
solution and the calculated results adjusted accordingly.

7.10.3 If the result of verification indicates a suppressive
interference, the sample should be diluted and reanalyzed. If necessary,
use furnace atomic absorption to achieve the optima] concentration range.

7.10.4 If the 1nterference persists after sample dilution, an

alternative method (Method 7197, Chelation/Extraction, or Method 7196
Colorimetric) should be used.

7.11 Acidic extracts that yield recoveries of 1less than 85% should be
retested to determine if the 1low spike recovery is due to the presence of
residual reducing agent. This determination shall be performed by first
making an aliquot of the extract alkaline (pH 8.0-8.5) using 1 N sodium
hydroxide and then respiking and analyzing. If a spike recovery of 85-115% is
obtained in the alkaline aliquot of an acidic extract that initially was found

to contain less than 5 mg/L. Cr(VI), one can conclude that the analytical
method has been verified.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2‘ Calibration curves must be composed of a minimum of a blank and

three standards. A calibration curve should be made for every hour of
continuous sample analysis.

7195 - 4

Revision 0
Date September 1986




8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an 1independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

8.7 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 218.5 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.5. :
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METHOD 7196
CHROMIUM, HEXAVALENT (COLORIMETRIC)

1.0 SCOPE AND APPLICATION

1.1 Method 7196 is used to determine the concentration of dissolved
hexavalent chromium [Cr(VI)] 1in Extraction Procedure (EP) toxicity charac-
teristic extracts and ground waters. This method may also be applicable to
certain domestic and industrial wastes, rovided that no interfering
substances are present (see Paragraph 3.1 be]owg. ‘

1.2 Method 7196 may be used to analyze samples containing from 0.5 to
50 mg of Cr(VI) per liter.

2.0 SUMMARY OF METHOD

2.1 Dissolved hexavalent chromium, in the absence of interfering amounts
of substances such as molybdenum, vanadium, and mercury, may be determined
colorimetrically by reaction with diphenylcarbazide in acid solution. A red-
violet color of unknown composition is produced. The reaction is very
sensitive, the absorbancy index per gram atom of chromium being about 40,000
at 540 nm. Addition of an excess of diphenylcarbazide yields the red-violet
product, and its absorbance is measured photometrically at 540 nm.

3.0 INTERFERENCES

3.1 The chromium reaction with diphenylcarbazide is usually free from
interferences. However, certain substances may interfere if the chromium
concentration is relatively low. Hexavalent molybdenum and mercury salts also
react to form color with the reagent; however, the red-violet intensities
produced are much lower than those for chromium at the specified pH.
Concentrations of up to 200 mg/L of molybdenum and mercury can be tolerated.
Vanadium interferes strongly, but concentrations up to 10 times that of
chromium will not cause trouble.

3.2 Iron in concentrations greater than 1 mg/L may produce a yellow
color, but the ferric iron color is not strong and difficulty is not normally

encountered if the absorbance 1is measured photometrically at the appropriate
wavelength.

4.0 APPARATUS AND MATERIALS

4,1 Colorimetric equibment: One of the following is required: Either a
spectrophotometer, for use at 540 nm, providing a 1light path of 1 cm or
longer, or a filter photometer, providing a 1ight path of 1 cm or longer and

equipped with a greenish-yellow filter having maximum transmittance near
540 nm.
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5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities. -

5.2 Potassjum dichromate stock solution: Dissolve 141.4 mg of dried
potassium dichromate, K2Cr07 (analytical reagent grade), in Type II water and
dilute to 1 liter (1 mL = 50 ug Cr).

.~ 5.3 Potassium dichromate standard solution:  Dilute 10.00 mL potassium
dichromate stock solution to 100 mL (1 mL = 5 ug Cr).

5.4 Sulfuric acid, 10% (v/v): Dilute 10 mL of distilled reagent grade
or spectrograde quality sulfuric acid, H2S04, to 100 mL with Type II water,

5.5 Diphenylcarbazide solution: Dissolve 250 mg 1,5-diphenylcarbazide

in 50 mL acetone. Store - in a brown bottle. Discard when the solution becomes
discolored. :

5.6 Acetone (analytical reagent grade): Avoid or redistill material
that comes in containers with metal or metal-lined caps.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must have been collected using .a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Since the stability of Cr(VI) in EP extracts is not completely
understood at this time, the analysis should be carried out as soon as
possible. . A

6.3 To retard the chemical activity of hexavalent chromium, the samples
and extracts should be stored at 4°C until analyzed. The maximum holding time
prior to analysis is 24 hr.

7.0 PROCEDURE

7.1 Color development and measurement: Transfer 95 mL of the extract to
be tested to a 100-mL volumetric flask. Add 2.0 mL diphenylcarbazide solution
and mix. Add HpSO4 solution to give a pH of 2 + 0.5, dilute to 100 mL with
Type II water, and let stand 5 to 10 min for full co]or development. Transfer
an appropriate portion of the solution to a 1-cm absorption cell and measure
its absorbance at 540 nm. Use Type II water as a reference. Correct the
absorbance reading of the sample by subtracting . the absorbance of a blank
carried through the method (see Note below). An aliquot of the sample
containing all reagents except diphenyl semicarbazide should be prepared and
used to correct the sample for turbidity (i.e., a turbidity blankg From the
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corrected absorbance, determine the mg/L of chromium present by reference to
the calibration curve.

NOTE: If the solution is turbid after dilution to 100 mL in Step 7.1,
above, take an absorbance reading before adding the carbazide
reagent and correct the absorbance reading of the final colored
solution by subtracting the absorbance measured previously.

7.2 Preparation of calibration curve:

7.2.1 To compensate for possible slight losses of chromium during
digestion or other operations of the analysis, treat the chromium
standards by the same procedure as the sample. Accordingly, pipet a
chromium standard solution in measured volumes into 250-mL beakers or
conical flasks to generate standard concentrations ranging from 0.5 to
5 mg/L Cr(VI) when diluted to the appropriate volume.

7.2.2 Develop the color of the standards as for the samples.
Transfer a suitable portion of each colored solution to a 1-cm absorption
cell and measure the absorbance at 540 nm. As reference, use Type II
water. Correct the absorbance readings of the standards by subtracting
the absorbance of a reagent blank carried through the method. Construct

a ca]}brgtion curve by plotting corrected absorbance values against mg/L
of Cr(VI).

7.3 Verification:

7.3.1 For every sample matrix analyzed, verification is required to
ensure that neither a reducing condition nor chemical interference is
affecting color development. This must be accomplished by analyzing a
second 10-mL aliquot of the pH-adjusted filtrate that has been spiked
with Cr(VI). The amount of spike added should double the concentration-
found in the original aliquot. Under no circumstances should the
increase be less than 30 g Cr(VI)/liter. To verify the absence of an
interference, the spike recovery must be between 85% and 115%.

7.3.2 If addition of the spike extends the concentration beyond the
calibration curve, the analysis solution should be diluted with blank
solution and the calculated results adjusted accordingly.

7.3.3 If the result of verification indicates a suppressive
interference, the sample should be diluted and reanalyzed.

7.3.4 If the interference persists after sample dilution, an
alternative method (Method 7195, Coprecipitation, or Method 7197,
Chelation/Extraction) should be used.

7.4 Acidic extracts that yield recoveries of 1less than 85% should be
retested to determine if the low spike recovery is due to the presence of
residual reducing agent. This determination shall be performed by first
making an aliquot of the extract alkaline (pH 8.0-8.5) using 1 N sodium
hydroxide and then respiking and analyzing. If a spike recovery of 85-115% is
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obtained in the alkaline aliquot of an acidic extract that initially was found

to contain less than 5 mg/L Cr(VI), one can conclude that the analytical
method has been verified..

7.5 Analyze all EP extracts, all samples analyzed as part of a delisting
petition, and all samples that suffer from matrix interferences by the method
of standard additions (see Method 7000, Section 8.7).

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Dilute samples 1if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.3 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.4 Verify calibration with an 1independently prepared check standard
every 15 samples. .

8.5 Run one spike duplicate sample for every 10 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

8.6 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Methods 218.4 and 218.5.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.

7196 — 4
Revision

Date Septe ﬁBer 1986




TABLE 1. METHOD PERFORMANCE DATA
Sample Preparation Laboratory
Matrix Method Replicates
Wastewater treatment sludge Not known 0.096, 0.107 ug/g

Sediment from chemical
storage area 3060

115, 117 ug/g
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METHOD 7197
CHROMIUM, HEXAVALENT (CHELATION/EXTRACTION)

1.0 SCOPE AND APPLICATION

1.1 Method 7197 is approved for determining the concentration of
dissolved hexavalent chromium [Cr(VI)] 1in Extraction Procedure (EP) toxicity
characteristic extracts and ground waters. This method may also be applicable
to certain domestic and 1industrial wastes, provided that no interfering
substances are present (see Paragraph 3.1).

1.2 Method 7197 may be used to analyze samples containing from 1.0 to
25 ug of Cr(VI) per liter.

2.0 SUMMARY OF METHOD

2.1 Method 7197 is based on the chelation of hexavalent chromium with
ammonium pyrrolidine dithiocarbamate (APDC) and extraction with methyl
isobutyl ketone (MIBK). The extract is aspirated into the flame of an atomic
absorption spectrophotometer.

3.0 INTERFERENCES

3.1 High concentrations of other metals may interfere.’

4.0 APPARATUS AND MATERIALS

4.1 Atomic absorption spectrophotometer: Single or dual channel,
single- or double-beam instrument, having a grating monochromator,

photomultiplier detector, adjustable slits, and provisions for background
correction. '

4.2 Chromium hollow cathode lamp.

4.3 Strip-chart recorder (optional).

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Ammonium pyrrolidine dithiocarbamate (APDC) solution: Dissolve
1.0 g APDC in Type II water and dilute to 100 mL. Prepare fresh daily.

5.3 Bromphenol blue indicator solution: Dissolve 0.1 g bromphenol blue
in 100 mL 50% ethanol. ‘
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5.4 Potassium dichromate standard solution I (1.0 mL = 100 ug Cr):
Dissolve 0.2829 g pure dried potassium dichromate, KoCrp07, in Type II water
and dilute to 1,000 mL.

5.5 Potassium dichromate standard solution II (1.0 mL = 10.0 ug Cr):
Dilute 100 mL chromium standard solution I to 1 liter with Type II water.

5.6 Potaséium dichromate standard solution III (1.0 wL = 0.10 ug Cr):
Dilute 10.0 mL chromium standard solution II to 1 liter with Type II water.

5.7 Methyl isobutyl ketone (MIBK), analytical reagent grade: Avoid or
redistill material that comes in contact with metal or metal-lined caps.

5.8 Sodium hydroxide solution, 1 M: Dissolve to 40.g sodium hydroxide,
NaOH (ASC reagent grade), in Type Il water and dilute to 1 liter.

5.9 Sulfuric acid, 0.12 M: Slowly add 6.5 mL distilled reagent grade or

spectrograde-quality su]furic acid, HpSO0p, to Type II water and dilute to 1
liter. s

6.0 SAMPLE COLLECTION, PRESERVATION,. AND HANDLING

6.1 A1l samples must have been cbllected' using .a sampling pTan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Because the stability of Cr(VI) 1in EP extracts is not completely
understood at this time, the che]ation and extraction should be carried out as
soon as possible,

6.3 To retard the chemical activity of hexava]ent chromium, the samples
and extracts should be stored at 4°C unt11 analyzed.

7.0 PROCEDURE

7.1 Pipet a volume of extract containing less than 2.5 ug chromium
(100 mL maximum) into a 200-mL volumetric flask and adjust the volume to
approximately 100 mL.

7.2 Prepare a blank and sufficient standards and adjust the volume of
each to approximately 100 mL.

7.3 Add 2 drops of bromphenol blue indicator solution. (The adjustment

of pH to 2.4, Step 7.4, may be made with a pH meter instead of using an
indicator.)

7.4 Adjust the pH by addition of 1 M NaOH solution dropwise until a b]ue
color persists. Add 0.12 M H»S04 dropwise until the blue color just disap-
pears in both the standards ané sample. Then add 2.0 mL of 0.12 M HpS04 in
excess. The pH at this point should be 2.4.
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7.5 Add 5.0 mL APDC solution and mix. The pH should then be approxi-
mately 2.8.

7.6 Add 10.0 mL MIBK and shake vigorously for 3 min.

7.7 Allow the layers to separate and add Type II water until the ketone
layer is completely in the neck of the flask.

7.8 Aspirate the ketone layer and record the scale reading for each

sample and standard against the blank. Repeat, and average the duplicate
results.

7.9 Determine the mg/liter of Cr(VI) in each sample from a plot of scale
readings of standards. A working curve must be prepared with each set of
samples.

7.10 Verification:

7.10.1 For every sample matrix analyzed, verification is required
to ensure that neither a reducing condition nor chemical interference is
affecting chelation. This must be accomplished by analyzing a second 10-
mL aliquot of the pH-adjusted filtrate that has been spiked with Cr(VI).
The amount of spike added should double the concentration found in the
original aliquot. Under no circumstances should the increase be less

than 30 ug/L Cr(VI). To verify the absence of an interference, the spike
recovery must be between 85% and 115%.

7.10.2 If addition of the spike extends the concentration beyond
the calibration curve, the analysis solution should be diluted with blank
solution and the calculated results adjusted accordingly.

7.10.3 If the result of verification indicates a suppressive
interference, the sample should be diluted and reanalyzed.

7.10.4 If the interference persists after sample dilution, an
alternative method (Method 7195, Coprecipitation, or Method 7196,
Colorimetric) should be used.

7.11 Acidic extracts that yield recoveries of 1less than 85% should be
‘retested to determine if the low spike recovery 1is due to the presence of
residual reducing agent. This determination shall be performed by first
making an aliquot of the extract alkaline (pH 8.0-8.5) using 1 N sodium
hydroxide and then respiking and analyzing. If a spike recovery of 85-115% is
obtained in the alkaline aliquot of an acidic extract that initially was found

to contain less than 5 mg/L Cr(VI), one can conclude that the analytical
method has been verified.
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8.0 QUALITY CONTROL

8.1 A1l quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

8.7 The method of standard additions (see Method - 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

. 9.1 Precision and accuracy data are available in Method 218.4 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.4.
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METHOD 7198
CHROMIUM, HEXAVALENT (DIFFERENTIAL PULSE POLAROGRAPHY)

1.0 SCOPE AND APPLICATION

1.1 This method is used to determine the concentration of hexavalent
chromium [Cr(VI)] in natural and waste waters and in EP extracts.

1.2 The method can quantitate chromium 1in concentrations of up to
1.0 mg/L to 5.0 mg/L, depending on the mercury drop size. Higher concentra-
tions can be determined by dilution.

1.3 The 1lower 1limit of detection for Cr(VI) is 10 ug/L for the
instrumental conditions given in this method. The 1imit of detection could be
easily lowered by changing these conditions.

2.0 SUMMARY OF METHOD

2.1 Method 7198 measures the peak current produced from the reduction of

Cr(VI) to Cr(III) at a dropping mercury electrode during a differential pulse
voltage ramp.

2.2 The method described herein uses 0.125 M NH40H-0.125 M NH4C1 as the
supporting electrolyte. In this electrolyte, Cr(VI) reduction results in peak
current occurring at the peak potential (Ep) of -0.250 V vs. Ag/AgCl.

2.3 Alternative supporting electrolytes, such as those given in Table 1,
may be used.

2.4 The technique of standard additions must be used to quantitate the
Cr(VI) content.

3.0 INTERFERENCES

3.1 Copper ion at concentrations higher than the Cr(VI) concentration is
a potential interference due to peak overlap when using the 0.125 M ammoniacal
electrolyte. Increasing the ammoniacal electrolyte concentration to 0.5 M
shifts the copper peak cathodically (Ep = -0.4 V), eliminating the
interference at a copper-to-chromium ratio of 10:1 (Figure 1).

3.2 Reductants such as ferrous iron, sulfite, and sulfide will reduce

Cr(VI) to Cr(III); thus it 1{s imperative to analyze the samples as soon as
possible.

4.0 APPARATUS AND MATERIALS

4.1 Polarographic instrumentation: Capable of performing differential
pulse analyses, including recorder or plotter.
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Current x 102 nA
18 Jan 82 No. 1
Sample: DPP
Initial E: =0.100 V
Final E: =0.450V

Peak 1: =0.292 V

“Current x 102 nA
18 Jan 82 No. 2
Sample: DPP
Initial E: =0.100 V
Final E: —0.450 V

Peak 1: =0.256 V

2.047E2nA - © 2.680E1 nA
' Peak 2: —0.396 V
- 4.0 )
2.0 0 9.740E1 nA
1-5- 3‘0- .
1.0-
0.5
0.0 J — ! 00 ) { 2 ]
02 —04 02 —-04

~A.20 ppm Cu, 2.5 ppm Cr, 0.1 N buffef.

B. 20 ppm Cu;, 2.5 ppm Cr, 0.5 N butfer.

Figure 1. Two polarograms illustrating shift in copper peak at higher ammoniacal
electrolyte concentrations.
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TABLE 1. POLAROGRAPHY OF HEXAVALENT CHROMIUM

Supporting electrolyte Peak potential (vs. SCE)
1 M NaOH -0.85
1 M Pyridine, 1 M NaOH -1.48
1 M NHz0H, 1 M NH4Cl -0.36
0.1 M NHg0H, 0.1 M (NHg)o Tartrate -0.244
0.2 M KC1, 0.3 M Triethanolamine, pH 9 -0.28
1 M NapSOg -0.23
0.1 M NHg0H, 0.1 M NH4Cl | -0.25
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4.2 Dropping mercury electrode assembly:  Capable of performing
differential pulse analyses.

4.3 Counter electrode: Platinum wire.

4.4 Reference electrode: Ag/AgCl or SCE, with a slow-leakage fritted
tip (unfired Vycor). ' '

4.5 Nitrogen gas and céTT oéggassigg assembly.

4.6 Micropipets and disposable tips.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities. v ' ‘

5.2 Chromium standard solution I, 1.0 mL = 100 ug Cr: Should be made
daily from a 1,000-ppm standard stock solution made with Type II water.

5.3 Chromium standard solution II, 1.0 mL = 10 ug Cr: Should be made
daily from a 1,000-ppm standard stock solution made with Type II water.

5.4 Chromium standard solution III, 1.0 m = 1 ug Cr: Dilute 10 mL
chromium standard solution II to 100 mL with Type II water.

5.5 Ammoniacal electrolyte, 2.5 N: Dissolve 33.3 g of NH4C1 in 150 mL
of Type II water, add 42.2 mL of concentrated NH40H, and dilute to 250 mL.

5.6 Concentrated nitric acid: Acid should be analyzed to determine

levels of impurities. If impurities are detected, all analyses should be
blank-corrected.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Stability of Cr(VI) 1is not completely understood at this time.
Therefore, the analysis should be carried out as soon as possible. -

6.3 If the analysis cannot be performed within 24 hr, take an aliquot of
the sample and add a known amount of Cr(VI) (0.1 mg/L for natural waters,
1 mg/L for wastewaters, and 5 mg/L for EP extracts). Analyze this known
additional sample at the same time the sample is analyzed to determine whether
Cr(VI) was reduced during storage.

6.4 To retard the chemical activity of Cr(VI), the sample should be
transported and.stored at 4°C until time of analysis.
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7.0 PROCEDURE

7.1 Soak the voltammetric cells overnight in 1 + 1 HNO3 and/or 1 +1
aqua regia.

7.2 Rinse the electrode assembly with Type II water, then with 1 N HNO3,
and finally with Type II water prior to and in between sample analyses.

7.3 The instrument should be set using the following instrumental
parameters. '

Pulse height: 0.05 V.

Deaeration time: 240 sec or less initially, 30 sec between
standard additions.

7.3.1 Mode: Differential pulse.

7.3.2 Scan rate: 2 mV/sec.

7.3.3 Drop time: 1 sec.

7.3.4 Initial potential: -0.05V + 0.05 V vs, Ag/AgCl.
7.3.5 Final potential: -0.50 V + 0.10 V vs. Ag/AgCl.
7.3.6

7.3.7

7.4 Analysis:

7.4.1 Pipet a volume of sample containing less than 10 ug Cr(VI)

into a voltammetric cell (the maximum volume depends on the voltammetric
cell volume, usually 10 mL).

7.4.2 Add 0.5 mL of the ammoniacal electrolyte and adjust volume to
10 mL with Type II water.

7.4.3 Place the electrode assembly in the solution and outgas with
nitrogen for at least 120 sec.

7.4.4 Engage the electrode assembly to the polarographic analyzer
and displace at least 10 mercury drops before initiating the voltage ramp
and obtaining the polarogram.

7.4.5 Figure 2 gives typical differential pulse polarograms.

7.5 Prior to the analysis of any samples, and during analysis at a
frequency of at least once every 10 samples, verify that the cell contamina-
tion is less than 10 ug/L Cr by analyzing demineralized water and the appro-

priate volume of supporting electrolyte in a manner similar to the procedure
described in 7.4.3 and 7.4.4.

7.6 Calibration:

7.6.1 After running a differential pulse polarogram on the sample

solution, quantitate the chromium using the technique of standard
addition.
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Current x 102 nA
26 Oct 81 No. 1
Standard No. 1 DPP
Initial E: 0.000 V
Final E: =0.350 V-

Current x 103 nA
26 Oct 81 No. 1
Standard No. 2 DPP
Initial E: 0.000 V
Final E: <0.350 V

Peak 1:'—0.160 V Peak 1: =0.154 V
1.181E2nA . 1.146E3 nA
2.0 259.0 ppb 9.0 - -2.500 ppm
1.5 1.5+
1.0=
0.5
_ 0.0
. A T T
-1 03 S .. =01 03

- Figure 2. Typical differential pulse polarogram at 0.25 ppm and 2.5 ppm Cr
in 0._1 N buffer. '
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7.6.2 Three standard additions should be made to obtain the best
precision and accuracy. The first standard addition should be approxi-
mately one-half the concentration of the sample, the second equal to that
of the sample, and the third about 1.5 times the sample concentration.
The total volume due to standard additions should not exceed the cell
value by more than 10%.

7.6.3 Add an appropriate aliquot of chromium standard solution I,
II, or III to the sample in the cell. Deaerate for 30 sec to mix the
solution and remove oxygen added with the known addition.

7.6.4 Repeat the analysis procedure, beginning with Step 7.4.4 for
each standard addition.

7.7 Calculations:
7.7.1 Calculate the concentration of chromium determined by each
standard addition procedure as follows:
c 11"1
u + (1 -1 )V u
where:

8.0

i1 = Current peak height for the sample (nA);

ij = Current peak height for the sample plus standard (nA);
Vy = Volume of sample in the cell (mL);
Vi = Volume of standard taken for spiking (mL);

V = Volume in cell prior to standard addition;
Cs = Concentration of standard used to spike (mg/L); and
Cy = Concentration of the unknown in the sample (mg/L).

7.7.2 Some microprocessor polarographic systems will perform
these calculations automatically.

QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy

reference or inspection.

8.2 If necessary, dilute samples so that they fall within the working

range.
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8.3 Quant1tat10n‘mﬁst be performed by the method of standard additions
(see Method 7000, Section 8.7).

8.4 Verify calibration with an independently prepared check standard
every 15 samples (see Chapter One, Section 1.1.8).

8.5 Standards should be compared to a reference standard on a routine
basis.

9.0 METHOD PERFORMANCE

9.1 Precifsion and accuracy data’ for this method are summarized in
Table 2. '

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 218.4 and 218.5.
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TABLE 2. PRECISION AND ACCURACY OF

THE DPP OF HEXAVALENT CHROMIUM

2a.

2b.

2c.

Precision

Sample type No. of replicates Average value % RSD

Leachate? 3 1.87 0.69
Accuracy (spike recovery data)

Standard
Spike level No. of Average % deviation of

Sample type (mg/L) samples recovery % recovery
EP extracts 5.0 8 92.8 6.4

Methods comparison

Diff. pulse APDC extrac-
polarography tion ICAP-OES

Ion chromatography
coupled to ICAP-OES

Valued 1.87 1.84 1.91
dLeachate sample from a waste disposal site.
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METHOD 7200
COBALT (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Excesses of other transition metals may slightly depress the

response of cobalt. Matrix matching or the method of standard additions is
recommended.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Cobalt hollow cathode lamp.

2 Wavelength: 240.7 nm.

3 Fuel: Acetylene.

.4 Oxidant: Air.

.5 Type of flame: Oxidizing (fuel lean).
6 Background correction: Required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000,

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g of cobalt metal (analytical
reagent grade) in 20 mL of 1:1 HNO3 and dilute to 1 liter with Type II
water. Chloride or nitrate salts of cobalt (II) may be used. Although
numerous hydrated forms exist, they are not recommended unless the exact
composition of the compound is known. Alternatively, procure a certified
standard from a supplier and verify by comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will. result in the sample to be analyzed after
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

A 9.1 The performance characteristics for an aqueous sample free of inter-
ferences are: ‘

Optimum concentration range{ 0.5-5 mg/L with a wavelength of 240.7 nm.
Sensitivity: 0.2 mg/L.
Detection limit: 0.05 mg/L.

. 9.2 In a single 1laboratory, analysis of a mixed industrial-domestic

waste effluent, digested with Method 3010, at concentrations of 0.2, 1, and 5
mg/L gave standard deviations of +0.013, +0.01, and +0.05, respectively.
Recoveries at these levels were 98% and 97%, respectively.

9.3 For concentrations of cobalt below 0.1 mg/L, the furnace procedure
(Method 7201) is recommended. '

10.0 REFERENCES

1. 'Methods for Chemical  Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 219.1.
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METHOD 7201
COBALT (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Excess chloride may interfere. It is necessary to verify by

standard additions that the interference is absent.

4.0

5.0

APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Drying time and temp: 30 sec at 125°C.

4,2.2 Ashing time and temp: 30 sec at 900°C.

4,2.3 Atomizing time and temp: 10 sec at 2700°C.

4,2.4 Purge gas: Argon.

4,2.5 Wavelength: 240.7 nm.

4.2.6 Background correction: Required.

4.2.7 Other operating parameters should be set as specified by the
particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Eimer HGA-2100, based on the use of a 20-uL injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller

- sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.

REAGENTS

5.1 See Section 5.0 of Method 7000.
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5.2 Preparation of standards:

5.2.1 . Stock solution: Dissolve 1.000 g of cobalt metal (analytical
reagent grade) in 20 mL of 1:1 HNO3 and dilute to 1 liter with Type II
water. Chloride or nitrate salts of cobalt (II) may be used. Although
numerous hydrated forms exist, they are not recommended unless the exact
composition of the compound is known. Alternatively, procure a certified
standard from a supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards

should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v HNO3).

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

PROCEDURE

7.1 Samplé preparation: The procedures for preparation of the sample
given 1n Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure.

QUALITY CONTROL
8.1 See Section 8.0 of Method 7000. .

METHOD PERFORMANCE
. 9.1 Precision and accuracy data are not available at this time.

9.2 The performance characteristics for an aqueous sample free of

interferences are:

Optimum concentration range: 5-100 ug/L.
Detection 1imit: 1 ug/L.

10.0 REFERENCES

1.

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,

December 1982, Method 219.2.
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METHOD 7210
COPPER (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000.

3.2 Background correction may be required because nonspecific absorption
and scattering can be significant at the analytical wavelength. Background
correction with certain instruments may be difficult at this wavelength due to

low-intensity output from hydrogen or deuterium lamps. Consult specific
instrument manufacturer's literature for details.

4,0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Copper hollow cathode lamp.

4.2.2 MWavelength: 324.7 nm.

4,2.3 Fuel: Acetylene.

4,2.4 Oxidant: Air.

4.2.5 Type of flame: Oxidizing (fuel lean).

4.2.6 Background correction: Recommended, 1f possible.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.00 g of electrolytic copper
(analytical reagent grade) in 5 mL of redistilled HNO3 and dilute to
1 Titer with Type II water. Alternatively, procure a certified standard
from a supplier and verify by comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same concentra-
tion as will result in the sample to be analyzed after processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

\

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 0.2-5 mg/L with a wavelength of 324.7 nm.
Sensitivity: 0.1 mg/L.

Detection limit: 0.02 mg/L.

9.2 Precision and accuracy data are available in Method 220.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 220.1.
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METHOD 7380
IRON (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Iron is a universal contaminant, and great care should be taken to

avoid contamination.

4.0 APPARATUS AND MATERIALS

5.0

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Iron hollow cathode lamp.
2 Wavelength: 248.3 nm (primary); 248.8, 271.9, 302.1, 252.7,
or 372.0 nm (alternates).
3 Fuel: Acetylene.
.4 Oxidant: Air.
5 Type of flame: Oxidizing (fuel lean).
6 Background correction: Required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g iron wire (analytical
reagent grade) in 10 mL redistilled HNO3 and Type II water and dilute to
1 liter with Type II water. Note that iron passivates in concentrated
HNO3, and thus some water should be present. Alternatively, procure a

certified standard from a supplier and verify by comparison with a second
standard.
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5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same

concentration as will result in the sample to be analyzed after
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an ‘aqueous sample free of inter-
ferences are: :

Optimum concentration range: 0.3-5 mg/L with a wavelength of 248.3 nm..
Sensitivity: 0.12 mg/L. ’ : _

Detection 1imit: 0.03 mg/L.

9.2 Precision and accuracy data are available in Method 236.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 236.1.
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METHOD 7420
LEAD (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required at either wavelength.

APPARATUS AND MATERIALS

4,1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

Lead hollow cathode lamp.

Wavelength: 283.3 nm (primary); 217.0 nm (alternate).
Fuel: Acetylene.

Oxidant: Air.

Type of flame: Oxidizing (fuel lean).

Background correction: Required.
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REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.599 g of lead nitrate, Pb(NO3)>
(analytical reagent grade), in Type II water, acidify with 10 mL
redistilled HNO3, and dilute to 1 1liter with Type II water. Alterna-
tively, procure a certified standard from a supplier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing.

7420 - 1

Revision 0
Date September 1986




6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2. .

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 1-20 mg/L with a wavelength of 283.3 nm.
Sensitivity: 0.5 mg/L.
Detection 1imit: 0.1 mg/L.

9.2 For concentrations of lead below 0.2 mg/L, the furnace technique
(Method 7421) is recommended.

9.3 Precision and accuracy data are available in Method 239.1 of Methods
for Chemical Analysis of Water and Wastes.

9.4 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 239.1.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1.

METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Wastewater treatment sludge 3050 450, 404 ug/g
Emission control dust 3050 42,500, 63,600 ug/g
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METHOD 7421
LEAD (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.
3.2 Background correction is required.

3.3 If poor recoveries are obtained, a matrix modifier may be necessary.
Add 10 uL of phosphoric acid (Paragraph 5.3) to 1 mL of prepared sample in the
furnace sampler cup and mix well.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

4.2.1 Drying time and temp: 30°sec at 125°C.

4.2,2 Ashing time and temp: 30°sec at 500°C.

4.2.3 Atomizing time and temp: 10 sec at 2700°C.

4.2.4 Purge gas: Argon.

4.2.5 WMavelength: 283.3 nm.

4.2.6 Background correction: Required.

4.2,7 Other operating parameters should be set as specified by the

particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the ‘use of a 20-uL injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.
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5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.599 g of lead nitrate, Pb(NO3)2
(analytical reagent grade), in Type II water, acidify with 10 mL
redistilled HNO3, and dilute to 1 1iter with Type II water. Alterna-

tively, procure a certified standard from a supplier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v HNO3).

5.3 Phosphoric acid: Reagent grade.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4. .

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are avai]ab]é in Method 239.2 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 5-100 ug/L.
Detection limit: 1 ug/L.

9.3 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.
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10.0 REFERENCES

1. Lead by Flameless Atomic Absorption with Phosphate Matrix Modification,
Atomic Spectroscopy, 1 (1980), no. 3, pp. 80-81.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Contaminated soil 3050 163, 120 mg/g
Paint primer 3050 - 0.55, 0.63 mg/g
Lagoon soil 3050 10.1, 10.0 ug/g
NBS SRM 1646 Estuarine sediment 3050 23.7 ug/g?
NBS SRM 1085 Wear metals in
lubricating oil . 3030 274, 298 ug/gb
Solvent extracted oily waste 3030 9, 18 ug/L
dBjas of -16% from expected.
bBias of -10 and -2% from expected, respectively.
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METHOD 7450
MAGNESIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 A1l elements forming stable oxyanions (P, B, Si, Cr, S, V, Ti, Al,
etc.) will complex magnesium and interfere unless lanthanum is added. (See
Method 7000, Paragraph 3.1.1.) Addition of Tlanthanum to prepared samples
rarely presents a problem because virtually all environmental samples contain

sufficient magnesium to require dilution to be 1in the linear range of the
method.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Magnesium hollow cathode lamp.

2 Wavelength: 285.2 nm.

3 Fuel: Acetylene.

.4 Oxidant: Air,

5 Type of flame: Oxidizing (fuel lean).
6 Background correction: Required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g of magnesium metal
(analytical reagent grade) in 20 mL 1:1 HNO3 and dilute to 1 liter with
Type II water. Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after

processing, including 1 mL 1lanthanum solution per 10 mL solution (see
Paragraph 3.2).

5.2.3 Lanthanum chloride solution: Dissolve 29 ¢ La203 in 250 mL

concentrated HC1 -

(CAUTION: REACTION IS VIOLENT!) -
and dilute to 500 mL with Type II water.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE |

7.1 Sample preparation: The procedures for preparation of the sample
are given Tn Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance' characteristics for an aqueous sémp]e free of
interferences are: _

Optimum concentration range: 0.02-0.05 mg/L with a wavelength of 285.2
nm.

Sensitivity: 0.007 mg/L.

Detection 1imit: 0.001 mg/L.

9.2 In a single 1laboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 2.1 and 8.2

mg/L gave standard deviations of +0.1 and +0.2, respectively. Recoveries at
both of these levels were 100%.

10.0 REFERENCES

i. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 242.1.
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METHOD 7460
MANGANESE (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required.

APPARATUS AND MATERIALS

4,1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Manganese hollow cathode lamp.

4,2.2 Wavelength: 279.5 nm (primary); 403.1 nm (alternate).

4,2.3 Fuel: Acetylene.

4,2.4 Oxidant: Air.

4,2.5 Type of flame: Slightly oxidizing (slightly fuel-lean to
stoichiometric). A

4,2.6 Background correction: Required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards: -

5.2.1 Stock solution: Dissolve 1.000 g manganese metal (analytical
reagent grade) in 10 mL redistilled HNO3 and dilute to 1 liter with
Type II water, Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

_ 5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same

concentration as will result in the sample to be analyzed after
processing.
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-
ferences are:’

Optimum concentration range: 0.1-3 mg/L with a wavelength of 279.5 nm.
Sensitivity: 0.05 mg/L.
Detection 1imit: 0.01 mg/L.

9.2 Precision and accuracy data are available in Method 243.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES -

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 243.1.
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METHOD 7470
MERCURY IN LIQUID WASTE (MANUAL COLD-VAPOR TECHNIQUE)

1.0 SCOPE AND APPLICATION

1.1 Method 7470 is a cold-vapor atomic absorption procedure approved for
determining the concentration of mercury in mobility-procedure extracts, aque-
ous wastes, and ground waters. (Method 7470 can also be used for analyzing
certain solid and sludge-type wastes; however, Method 7471 is usually the
method of choice for these waste types.) All samples must be subjected to an
appropriate dissolution step prior to analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, the liquid samples must be prepared according to
the procedure discussed in this method.

2.2 Method 7470, a cold-vapor atomic absorption technique, is based on
the absorption of radiation at 253.7-nm by mercury vapor. The mercury is
reduced to the elemental state and aerated from solution in a closed system.
The mercury vapor passes through a cell positioned in the 1ight path of an
atomic absorption spectrophotometer. Absorbance (peak height) is measured as
a function of mercury concentration.

2.3 The typical detection limit for this method is 0.0002 mg/L.

3.0 INTERFERENCES

3.1 Potassium permanganate is added to eliminate possible interference
from sulfide. Concentrations as high as 20 mg/L of sulfide as sodium sulfide

do not interfere with the recovery of added inorganic mercury from Type II
water.

- 3.2 Copper has also been reported to interfere; however, copper concen-

trations as high as 10 mg/L had no effect on recovery of mercury from spiked
samples.

3.3 Seawaters, brines, and industrial effluents high 1in chlorides
require additional permanganate (as much as 25 mL) because, during the
oxidation step, chlorides are converted to free chlorine, which also absorbs
radiation of 253.7 nm. Care must therefore be taken to ensure that free
chlorine is absent before the mercury is reduced and swept into the cell.
This may be accomplished by using an excess of hydroxylamine sulfate reagent
(25 mL). In addition, the dead air space in the BOD bottle must be purged
before adding stannous sulfate. Both 1inorganic and organic mercury spikes
have been quantitatively recovered from seawater by using this technique.
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3.4 Certain volatile organic materials that absorb at this wavelength
may also cause interference. A preliminary run without reagents should
determine if this type of interference is present.

4.0 APPARATUS AND MATERIALS

4,1 Atomic absorption - spectrophotometer or equivalent: Any atomic
absorption unit with an open sample presentation area in which to mount the
absorption cell is suitable. Instrument settings recommended by the partic-
ular manufacturer should be followed. Instruments designed specifically for
the measurement of mercury using the cold-vapor technique are commercially
available and may be substituted for the atomic absorption spectrophotometer.

4.2 Mercury hollow cathode lamp or electrodeless discharge lamp.

4,3 Recorder: Any multirange variab]e speed recorder that is compatible
with the UV detection system is suitable.

4.4 Absorption cell: Standard spectrophotometer cells 10 cm long with
quartz end windows may be used. Suitable cells may be constructed from
Plexiglas tubing, 1 in. 0.D. x 4.5 in. The ends are ground perpendicular to
the longitudinal axis, and quartz windows (1 in. diameter x 1/16 in.
thickness) are cemented in place. The cell 1is strapped to a burner for
support and aligned in the light beam by use of two 2-in. x 2-in. cards. One-
in.-diameter holes are cut in the middle of each card. The cards are then
placed over each end of the cell. The ‘cell is then positioned and adjusted
vertically and horizontally to give the maximum transmittance.

4,5 Air pump:  Any peristaltic pump capable of delivering 1 liter
air/min may be used. A Masterflex pump with electronic speed control has been
found to be satisfactory.

4.6 Flowmeter: Capable of measuring an air flow of 1 liter/min.

4.7 Aeration tubing: A straight glass frit with a coarse porosity.

Tygon tubing is used for passage .of the mercury vapor from the sample bottle
to the absorption cell and return.

4.8 Drying tube: 6-in. x 3/4-1n.-d1ameter‘ tube Cbnta1n1ng 20 g of mag-
nesium percﬁiorate or a small reading lamp with 60-W bulb which may be used to
prevent condensation of moisture inside the cell. The lamp should be posi-

tioned to shine on the absorption cell so that the air temperature in the cell
is about 10°C above ambient.

4.9 The cold-vapor generator is assembled ds shown in Figure 1.

4.9.1 The apparatus shown in Figure 1 1is a closed system. An open
system, where the mercury vapor 1is passed through the absorption cell
only once, may be used instead of the closed system.
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5.0

‘4.9.2 Because mercury vapor is toxic, precaution must be taken to
avoid its inhalation. Therefore, - a bypass has been included in the
system either to vent the mercury vapor 1into an exhaust hood or to pass
the vapor through some absorbing medium, such as:

1. Equal volumes of 0.1 M KMnOg and 10% H2504, or
2. 0.25% Iodine in a 3% KI so]ution

A specially treated charcoal that will = adsorb mercury vapor is also
available from Barnebey and Cheney, East 8th Avenue and North Cassidy
Street Columbus Ohio 43219, Cat. #580-13 or #580-22.

REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Sulfuric acid (HZSO4), concentrated: Reagent grade.

5.3 Sulfuric acid, 0.5 N: Dilute 14.0 mL of concentrated sulfuric acid
to 1.0 liter. : :
5.4 Nitric acid (HNO3), concentrated: Reagent grade of low mercury

content. If a high reagent blank 1is obtained, it may be necessary to
distill the nitric acid.

5.5 Stannous sulfate: Add 25 g stannous sulfate to 250 mL of 0.5 N
H2S04. This mixture is a suspension and should be stirred continuously

during use. (Stannous chloride may be wused in place .of stannous
sulfate.) ‘ :

5.6 Sodium chloride-hydroxylamine sulfate solution: Dissolve 12 g of
sodium chloride and 12 g of hydroxylamine sulfate in Type II water and

dilute to 100 mL. (Hydroxylamine hydrochloride may be used in place of
hydroxylamine sulfate.)

5.7 Potassium permanganate, mercury-free, 5% solution (w/v):_ Dissolve
5 g of potassium permanganate. in 100 mL of Type II water.

5.8 Potassium persulfate, 5% solution (w/v): Dissolve 5 g of potassium
persulfate in 100 mL of Type II water.

5.9 Stock mercury solution: Dissolve 0.1354 g of mercuric chloride in

75 mL of Type II water. Add 10 :mL of concentrated HNO3 and adjust the
volume to 100.0 mL (1 mL = 1 mg Hg).

5.10 Mercury working standard: Make successive dilutions of the stock
mercury solution to obtain a working standard containing 0.1 g per mL.
This working standard and the dilutions of the stock mercury solution
should be prepared fresh daily. Acidity of the working standard should
be maintained at 0.15% nitric acid. This -acid should be added to the

flask, as needed, before addition of the aliquot.
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Aqueous samples must be acidified to a pH <2 with HNO3. The
suggested maximum holding times for these samples are 38 days in glass
containers and 13 days in plastic containers.

6.4 Nonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible.

7.0 PROCEDURE

7.1 Sample preparation: Transfer 100 mL, or an aliquot diluted to
100 mL, containing <{1.0 g of mercury, to a 300-mL BOD bottle. Add 5 mL of
H2S04 and 2.5 mL of concentrated HNO3, mixing after each addition. Add 15 mL
o% potassium permanganate solution to each sample bottle. Sewage samples may
require additional permanganate. Ensure that equal amounts of permanganate
are added to standards and blanks. Shake and add additional portions of
_potassium permanganate solution, if necessary, until the purple color persists
for at least 15 min. Add 8 mL of potassium persulfate to each bottle and heat
for 2 hr in a water bath maintained at 95°C. Cool and add 6 mL of sodium
chloride-hydroxylamine sulfate to reduce the excess permanganate. After a
delay of at least 30 sec, add 5 mL of stannous sulfate, immediately attach the
bottle to the aeration apparatus, and continue as described in Paragraph 7.3.

7.2 Standard preparation: Transfer 0-, 0.5-, 1.0-, 2.0-, 5.0-, and
10.0-mL aliquots of the mercury working standard, containing 0-1.0 ug of
mercury, to a series of 300-mL BOD bottles. Add enough Type II water to each
bottle to make a total volume of 100 mL. Mix thoroughly and add 5 mL of
concentrated HpSO4 and 2.5 mL of concentrated HNO3 to each bottle. Add 15 mL
of KMnO4 solution to each bottle and allow to stand at least 15 min. Add 8 mL
of potassium persulfate to each bottle and heat for 2 hr in a water bath
maintained at 95°C. Cool and add 6 mL of sodium chloride-hydroxylamine
sulfate solution to reduce the excess permanganate. When the solution has
been decolorized, wait 30 sec, add 5 mL of the stannous sulfate solution,

immediately attach the bottle to the aeration apparatus, and continue as
described in Paragraph 7.3.

7.3 Analysis: At this point the sample 1is allowed to stand quietly
without manual agitation. The circulating pump, which has previously been

adjusted to a rate of 1 1liter/min, 1is allowed to run continuously. The
absorbance will increase and reach a maximum within 30 sec. As soon as the
recorder pen levels off (approximately 1 min), open the bypass valve and
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continue the aeration until - the absorbance returns to its minimum valve.

Close the bypass valve, remove the stopper and fr1t from the BOD bottle, and
continue the aeration.

7.4 Construct a calibration curve by plotting the absorbances of stan-
dards versus micrograms of mercury. Determine the peak height of the unknown
from the chart and read the mercury value from the standard curve.

7.5 Analyze all EP extracts, all samples analyzed as part of a delisting
petition, and all samples that suffer from matrix interferences by the method
of standard additions.

7.6 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.7 Calculate metal concentrations (1) by the method of standard
additions, or (2) from a calibration curve. All dilution or concentration
factors must be taken into account. Concentrations reported for multiphased
or wet samples must be appropriately qualified (e.g., 5 ug/g dry weight).

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of é minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples 1if they are more concentrated - than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify ca]ibration with an 1independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples. A duplicate
sample 1s a sample brought through the entire sample preparation and
analytical process.

8.7 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed. .
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9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 245.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 245.1.
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METHOD 7471
MERCURY IN SOLID OR SEMISOLID WASTE (MANUAL COLD-VAPOR TECHNIQUE)

1.0 SCOPE AND APPLICATION

1.1 Method 7471 is approved for measuring total mercury (organic and
inorganic) in soils, sediments, bottom deposits, and sludge-type materials.
A11 samples must be subjected to an appropriate dissolution step prior to
analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, the solid or semi-solid samples must be prepared
according to the procedures discussed in this method.

2.2 Method 7471, a cold-vapor atomic absorption method, is based on the
absorption of radiation at the 253.7-nm wavelength by mercury vapor. The
mercury is reduced to the elemental state and aerated from solution in a
closed system. The mercury vapor passes through a cell positioned in the
light path of an atomic absorption spectrophotometer. Absorbance (peak
height) is measured as a function of mercury concentration.

2.3 The typical detection limit for this method is 0.0002 mg/L.

3.0 INTERFERENCES

3.1 Potassium permanganate is added to eliminate possible interference
from sulfide. Concentrations as high as 20 mg/L of sulfide as sodium sulfide

do not interfere with the recovery of added inorganic mercury from Type II
water,

3.2 Copper has also been reported to interfere; however, copperrconcen-

trations as high as 10 mg/L had no effect on recovery of mercury from spiked
samples.

3.3 Seawaters, brines, and industrial effluents high 1in chlorides
require additional permanganate (as much as 25 mL) because, during the
oxidation step, chlorides are converted to free chlorine, which also absorbs
radiation of 253 nm. Care must therefore be taken to ensure that free
chlorine is absent before the mercury 1is reduced and swept into the cell.
This may be accomplished by using an excess of hydroxylamine sulfate reagent
(25 mL). In addition, the dead air space in the BOD bottle must be purged
before adding stannous sulfate. Both inorganic and organic mercury spikes
have been quantitatively recovered from seawater by using this technique.

3.4 Certain volatile organic materials that absorb at this wavelength
may also cause interference. A preliminary run without reagents should
determine if this type of interference is present.
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4.0 APPARATUS AND MATERIALS

4.1 Atomic absorption spectrophotometer or equivalent: Any atomic
absorption unit with an open sample presentation area in which to mount the
absorption cell is suitable. Instrument settings recommended by the partic-
ular manufacturer should be followed. Instruments designed specifically for
the measurement of mercury using the cold-vapor technique are commercially
available and may be substituted for the atomic absorption spectrophotometer.

4,2 Mercury hollow cathode lamp or electrodeless discharge lamp.

4.3 Recorder: Any multirange variable-speed recorder that is compatible
with the UV detection system is suitable.

4.4 Absorption cell: Standard spectrophotometer cells 10 cm long with
quartz end windows may be used. Suitable cells may be constructed from
Plexiglas tubing, 1 in. 0.D. x 4.5 1in. The ends are ground perpendicular to
the longitudinal axis, and quartz windows (1 in. diameter x 1/16 in.
thickness) are cemented in place. The cell 1is strapped to a burner for
support and aligned in the light beam by use of two 2-in. x 2-in. cards. One-
in.-diameter holes are cut in the middle of each card. The cards are then
placed over each end of the cell. The cell is then positioned and adjusted
vertically and horizontally to give the maximum transmittance.

4,5 Air pump: Any peristaltic pump capable of delivering 1 L/min air
may be used. A Masterflex pump with electronic speed control has been found
to be satisfactory.

4.6 Flowmeter: Capable of measuring an air flow of 1 L/min.

4.7 Aeration tubing: A straight glass frit with a coarse porosity.

Tygon tubing is used for passage of the mercury vapor from the sample bottle
to the absorption cell and return.

4.8 Drying tube: 6-in. x 3/4-in.-diameter tube containing 20 g of
magnesium percﬁiorate or a small reading lamp with 60-W bulb which may be used

to prevent condensation of moisture 1inside the cell. The Tamp should be
positioned to shine on the absorption cell so that the air temperature in the
cell 1s about 10°C above ambient. .

4.9 The cold-vapor generator is assembled as shown in Figure 1.

4.9.1 The apparatus shown in Figure 1 1is a closed system. An open
system, where the mercury vapor is passed through the absorption cell
only once, may be used instead of the closed system.

4,9.2 Because mercury vapor is toxic, precaution must be taken to
avoid its inhalation. Therefore, a bypass has been included in the
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system either to vent the mercury vapor into an exhaust hood or to pass
the vapor through some absorbing medium, such as:

1. equal volumes of 0.1 M KMnO4 and 10% HpSO4, or
2. 0.25% iodine in a 3% KI solution.

A specially treated charcoal that will adsorb mercury vapor is also

available from Barneby and Cheney, East 8th Avenue and North Cassidy
Street, Co]umbus, Ohio 43219, Cat. #580-13 or #580-22.

5.0 . REAGENTS

5.1 ASTM Type Il water (ASTM 01193) Water should be monitored for
impurities. .

5.2 Aqua regia: Prepare 1mmed1ate1y before use by carefully adding
three volumes of concentrated HC1 to one volume of concentrated HNO3.

5.3 Sulfuric acid, 0.5 N: Dilute 14.0 mL of cbncentrated sulfuric acid
to 1 liter. C : e

5.4 Stannous sulfate: Add 25 g stannous sulfate to 250 mL of 0.5 N
sulfuric acid. This: mixture is a suspension and should be stirred
continuously. during use. - A 10% solution of stannous chloride can be
substituted for stannous sulfate. : >

‘ 5.5 Sodium ch]oride-hydroxy]aﬁfne.sulfate solution: = Dissolve 12 ¢ of
sodium chloride and 12 g of hydroxylamine sulfate in Type II water and dilute

to 100 mL. Hydroxylamine hydrochloride .may be used in place of hydroxylamine
sulfate. :

5.6 Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve
5 g of potassium permanganate in 100 mL of Type II water.

5.7 Mercury stock solution: Dissolve 0.1354 g of mercuric chloride in
75 mL of Type II water. Add 10 mL of concentrated nitr1c acid and adjust the
volume to 100.0 mL (1.0 mL = 1.0 mg Hg)..

5.8 Mercury working standard: Make successive dilutions of the stock
mercury solution to obtain a working .standard containing 0.1 ug/mL. This
working standard and the dilution of the stock mercury solutions should be
prepared fresh daily. Acidity of the working standard should be maintained at

0.15% nitric acid. This acid should be added to the flask, as needed, before
adding the aliquot. :

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING -

6.1 All samp]es'must have been collected using a sampling plan that
addresses the considerations discussed .in Chapter Nine of this manual.
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6.2 A1l sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Aqueous samples must be acidified to a pH {2 with nitric acid.

6.4 For solids or semisolids, moisture may be driven off in a drying
oven at a temperature.of 60°C.

7.0 PROCEDURE

7.1 Sample preparation: Weigh triplicate 0.2-g portions of untreated
sample and place in the bottom of a BOD bottle. Add 5 mL of Type II water and
5 mL of aqua regia. Heat 2 min in a water bath at 95°C. Cool; then add 50 mL
Type II water and 15 mL potassium permanganate solution to each sample bottle.
Mix thoroughly and place in the water bath for 30 min at 95°C. Cool and add 6
mL of sodium chloride-hydroxylamine sulfate to reduce the excess permanganate.

CAUTION: Do this addition under a hood, as Cl, could be evolved. Add

55 mL of Type II water. Treating each bottle individually, add
5 mL of stannous sulfate and immediately attach the bottle to
the aeration apparatus. Continue as described under step 7.4.

7.2 An alternate digestion procedure employing an autoclave may also be
used. In this method, 5 mL of concentrated H2SO4 and 2 mL of concentrated
HNO3 are added to the 0.2 g of sample. Add 5 mL of saturated KMnOg4 solution
and cover the bottle with a piece of aluminum foil. The samples are
autoclaved at 121°C and 15 1b for 15 min. Cool, dilute to a volume of 100 mL
with Type II water, and add 6 mL of sodium chloride-hydroxylamine sulfate
solution to reduce the excess permanganate. Purge the dead air space and
continue as described under step 7.4.

7.3 Standard preparation: Transfer 0.0-, 0.5-, 1.0-, 2.0-, 5.0-, and
10-mL aliquots of the mercury working standard, containing 0-1.0 ug of
mercury, to a series of 300-mL BOD bottles.. Add enough Type II water to each
bottle to make a total volume of 10 mL. Add 5 mL of aqua regia and heat 2 min
in a water bath at 95°C. Allow the sample to cool; add 50 mL Type II water
and 15 mL of KMnO4 solution to each bottle and return to the water bath for
30 min. Cool and add 6 mL of sodium chloride-hydroxylamine sulfate solution
to reduce the excess permanganate. Add 50 mL of Type II water. Treating each
bottle individually, add 5 mL of stannous sulfate solution, immediately attach

the bottle to the aeration apparatus and continue as described in
Step 7.4.

7.4 Analysis: At this point, the sample 1is allowed to stand quietly
without manual agitation. The circulating pump, which has previously been
adjusted to a rate of 1 L/min, is allowed to run continuously. The.
absorbance, as exhibited either on the spectrophotometer or the recorder, will
increase and reach maximum within 30 sec. As soon as the recorder pen levels
off (approximately 1 min), open the bypass valve and continue the aeration
until the absorbance returns to i{its minimum value. Close the bypass valve,
remove the fritted tubing from the BOD bottle, and continue the aeration.
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7.5 Construct a calibration curve by plotting the absorbances of
standards versus micrograms of mercury. Determine the peak height of the
unknown from the chart and read the mercury value from the standard curve.

7.6 Ana]yzé all EP extracts, all samples analyzed as part of a delisting
petition, and all samples that suffer from matrix interferences by the method
of standard additions (see Method 7000, Section 8.7).

7.7 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.8 Calculate metal concentrations: (1) by the method of standard
additions, (2) from a calibration curve, or (3) directly from the instrument's
concentration read-out. A1l dilution or concentration factors must be taken
into account. Concentrations reported for multiphased or wet samples must be
appropriately qualified (e.g., 5 ug/g dry weight).

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a ca]ibration curve,

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples. :

8.6 Run one spike duplicate sample for every 10 samples. A duplicate
sample is a sample brought through the entire sample preparation and
analytical process.

8.7 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 . Precision and accuracy data are available in Method 245.5 of Methods
for Chemical Analysis of Water and Wastes.
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9.2 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 245.5.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Emission control dust - Not known 12, 12 ug/g
Wastewater treatment sludge ~ Not known 0.4, 0.28 ug/g
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METHOOD 74713
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(Continued)
7.3
7.4 For
Transfer aliquots of analys\is,
mercury working run circulating
gstandardg to series of pump
bottles for standgard continuously,
prepsration serate
7.3 7.5
Add Construct
Type I1I cslibration
water and squa - curve: determine
regias to each peak height andg
bottle: heat mercury value
7.3
7.6
Cool: 8sco Type II
water and KMnOg Analyze
solution; hest; cool: by method of
sdd sodium chloride standard
hydroxylamine sulfate additions
solution
7.3 | ado Type ' 7.7 |Routinely
Il water analyze
and stannous duplicates,
sulfate; attach spiked samples,
to serstion and check
spparatus ) standards
7.8
Calculate matal
concentrations
" Stoop
7471 - 10
Revision 0

Date SeptemBer_T986




1.0

2.0

3.0

METHOD 7480
MOLYBDENUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Interferences in an air/acetylene flame from Ca, Sr, SO4, and Fe are

severe. These interferences are greatly reduced in the nitrous oxide flame
and by addition of 1,000 mg/L aluminum to samples and standards.

4.0 APPARATUS AND MATERIALS

5.0

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

2.1 Molybdenum hollow cathode lamp.
2.2 Wavelength: 313.3 nm.

2.3 Fuel: Acetylene.

.2.4 Oxidant: Nitrous oxide.

2.5 Type of flame: Fuel rich.

2.6 Background correction: Required.

REAGENTS
5.1 See Section 5.0 of Method 7000,

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.840 g of ammonium molybdate,
(NH4)?M07024 4Ho0 (analytical reagent grade), in Type II water and dilute
to 1 liter; mL = 1 mg Mo (1,000 mg/L) Alternatively, procure a

certified standard from a supplier and verify by comparison with a second
standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of-analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing. The samples and standards should also contain 1,000 mg/L
aluminum (see Paragraph 5.2.3).

5.2.3 Aluminum nitrate solution: Dissolve 139 g aluminum nitrate,
A1(NO3)3-9H20, in 150 mL of Type II water; heat to effect solution.

Allow to cool and make up to 200 mL. To each 100 mL of standard and
sample alike, add 2 mL of the aluminum nitrate solution.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the samp]e
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2,7Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

- 9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 1-40 mg/L with a wavelength of 313;3 nm.
Sensitivity: 0.4 mg/L.
Detection 1imit: 0.1 mg/L.

9.2 In a single 1laboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 0.3, 1.5, and
7.5 mg/L gave standard deviations of +0.007, +0.02, and +0.07, respect1ve]y.
Recoveries at these levels were 100%, 96%, and 95%, respective]y.

9.3 For concentrations of molybdenum below 0.2 mg/L, the furnace
technique (Method 7481) is recommended.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 246.1.
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METHOD 7481
MOLYBDENUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Molybdenum is prone to carbide formation. Use a pyrolytically
coated graphite tube.

3.3 Memory effects are possible, and cleaning of the furnace may be
required after analysis of more concentrated samples or standards.

4.0 APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

Drying time and temp: 30 sec at 125°C.

Ashing time and temp: 30 sec at 1400°C.

Atomizing time and temp: 5 sec at 2800°C.

Purge gas: Argon (nitrogen should not be used).

Wavelength: 313.3 nm.

Background correction: Required.

Other operating parameters should be set as specified by the
particular instrument manufacturer.

Pyrolytically coated graphite tube.

The above concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous-flow purge gas, and nonpyrolytic
graphite. Smaller sizes of furnace devices or those
employing faster rates of atomization can be operated using
lower atomization temperatures for shorter time periods than
the above-recommended settings.
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5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.840 g -of ammonium molybdate,
(NHg) gMo7024-4H20 (analytical reagent grade), in Type II water and
dilute to 1 liter; 1 mL = 1 mg Mo (1,000 mg/L). Alternatively, procure a

certified standard from a supplier and verify by comparison with a second
standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards

should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v HNO3).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE
9.1 Precision and accuracy data are not available at this time.

9.2 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 3-60 ug/L.
Detection limit: 1 ug/L.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 246.2.
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1.0

2.0

3.0

METHOD 7520
NICKEL (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required.

3.3 High concentrations of 1iron, cobalt, or chromium may interfere,

requiring either matrix matching or use of a nitrous-oxide/acetylene flame.

3.4 A nonresonance line of Ni at 232.14 nm causes nonlinear calibration

curves at moderate to high nickel concentrations, requiring sample dilution or
use of the 352.4-nm line.

4.0 APPARATUS AND MATERIALS

5.0

4,1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

2.1 Nickel hollow cathode lamp.

2.2 Wavelength: 232.0 nm (primary); 352.4 nm (alternate).
2.3 Fuel: Acetylene.

.2.4 Oxidant: Air.

2.5 Type of flame: Oxidizing (fuel lean).

2.6 Background correction: Required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g nickel metal (analytical
reagent grade) or 4.953 g nickel nitrate, Ni(NO3)2:6H20 (analytical
reagent grade), in 10 mL HNO3 and dilute to 1 liter with Type II water.
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Alternatively, procure a certified standard from a supplier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution. to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same

concentration as will result in the sample to be analyzed after
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-
ferences are:

Optimum concentration range: 0.3-5 mg/L with a wavelength of 232.0 nm.
Sensitivity: 0.15 mg/L.

Detection Timit: 0.04 mg/L.

9.2 In a single laboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 0.2, 1.0, and
5.0 mg/L gave standard deviations of +0,011, +0.02, and +0.04, respectively.
Recoveries at these levels were 100%, 97%, and 93%, respectively.

9.3 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.
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10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 249.1

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Wastewater treatment sludge 3050 13,000, 10,400 ug/g
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METHOD 7550
OSMIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION

1.1 Method 7550 1is an atomic absorption procedure approved for
determining the concentration of osmium in wastes, mobility procedure
extracts, soils, and ground water. A1l samples must be subjected to an
appropriate dissolution step prior to analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis by Method 7550, samples must be prepared for
direct aspiration. The method of sample preparation will vary according to
the sample matrix. Aqueous samples are subjected to the acid digestion
procedure discussed in this method. Sludge samples are prepared using the
procedure described in Method 3050. For samples containing oils, greases, or
waxes, the procedure described in Method 3040 may be applicable. Due to the
very volatile nature of some osmium compounds, the applicability of a method

to a sample must be verified by means of spiked samples or standard reference
materials, or both.

2.2 Following the appropriate dissolution .of the sample, a representa-
tive aliquot is aspirated into a nitrous oxide/acetylene flame. The resulting
absorption of hollow cathode radiation will be proportional to the osmium
concentration. Background correction must be employed for all analyses.

2.3 The typical detection limit for this method is 0.3 mg/L; typical
sensitivity is 1 mg/L.

3.0 INTERFERENCES

3.1 Background correction is required because nonspecific absorption and
light scattering can be significant at the analytical wavelength.

3.2 Due to the volatility of osmium, standards must be made on a daily
basis, and the applicability of sample-preparation techniques must be verified
for the sample matrices of interest.

3.3 Samples and standards should be monitored for viscosity differences
that may alter the aspiration rate.

3.4 Osmium and its compounds are extremely toxic; therefore, extreme
care must be taken to ensure that samples and standards are handled properly
and that all exhaust gases are properly vented.
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4.0 APPARATUS AND MATERIALS

4,1 Atomic absorption spectrophotometer: Single- or dual-channel,
single- or double-beam 1instrument with a grating monochromator, photomul-
tiplier detector, adjustable slits, and provisions for background correction.

4.2 Osmium hollow cathode lamp.

4.3 Strip-chart recorder (optional).

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Concentrated nitric acid (HNO3): Acid should be analyzed to

determine levels of impurities. If a method blank using the acide is {MDL,
the acid can be used.

5.3 Osmium standard stock solution (1,000. mg/L): Procure a certified
aqueous standard from a supplier and verify by comparison with a second
standard. If necessary, standards can be made from osmium compounds.
However, due to the toxicity of these compounds, this approach is not advised.

5.4 Osmium working standards: Prepare dilution of the stock solution at
the time of analysis. These standards should be prepared to contain 1% (v/v)
- HNO3 and 1% (v/v) H2S04.

5.5 Air: Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. . The source may be a compressor or a
cylinder of industrial-grade compressed air. -

5.6 Acetylene: 'Should be of high purity. Acetone, which is usually
present in acetylene cylinders, can be prevented from entering and affecting

flame conditions by replacing the cylinder before the pressure has fallen to
50 psig. ‘

5.7 Nitrous oxide: Cylinder suitable for instrumental analysis.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be. prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Aqueous samples must be acidified to a pH <2 with HNO3.
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6.4 Nonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible.

7.0 PROCEDURE

7.1 Sample preparation: Aqueous samples should be prepared according to
the procedure described in Paragraph 7.2. Sludge-type samples should be
prepared according to Method 3050; samples containing oils, greases, or waxes
may be prepared according to Method 3040. The applicability of a sample
preparation technique to a new matrix type must be demonstrated by analyzing
spiked samples, relevant standard reference materials, or both.

7.2 Sample preparation of aqueous samples:

7.2.1 Transfer a representative 100-mL aliquot of the well-mixed
sample to a Griffin beaker and add 1 mL of concentrated HNO3.

7.2.2 Place the beaker on a steam bath or hot plate and warm for 15

min. Cool the beaker and, {1f necessary, filter or centrifuge to remove
insoluble material.

7.2.3 Add 1 mbL of concentrated HpSO4 and adjust the volume back to
100 mL. The sample is now ready for analysis.

7.3 The 290.0-nm wavelength 1ine and background correction shall be
employed.

7.4 A fuel-rich nitrous oxide/acetylene flame shall be used.

7.5 Follow the manufacturer's operating i{nstructions for all other
instrument parameters.

7.6 Either (1) run a series of osmium standards and construct a
calibration curve by plotting the concentrations of the standards against the
absorbances, or (2) for the method of standard additions, plot added
concentration versus absorbance. For 1instruments that read directly in
concentration, set the curve corrector to read out the proper concentration.

7.7 Analyze all EP extracts, all samples analyzed as part of a delisting
petition, and all samples that suffer from matrix interferences by the method
of standard additions.

7.8 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.9 Calculate metal concentrations: (1) by the method of standard
additions, (2) from a calibration curve, or (3) directly from the instrument's

concentration read-out. All dilution or concentration factors must be taken
fnto account.
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8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples. A duplicate

sample is a sample brought through the entire sample preparation and
analytical process.

8.7 The method of standard additions (see Method 7000, Section 8.7)

shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are not available at this time.

10.0 REFERENCES b

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 252.1.
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METHOD 7610
POTASSIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 In air/acetylene or other high-temperature flames ()>2800°C), potas-
sfum can experience partial ionization, which indirectly affects absorption
sensitivity. The presence of other alkali salts in the sample can reduce this
ionization and thereby enhance analytical results. The ionization-suppressive
effect of sodium is small if the ratio of Na to K is under 10. Any enhance-
ment due to sodium can be stabilized by adding excess sodium (1,000 ug/mL) to
both sample and standard solutions. If more stringent control of ionization
is required, the addition of cesium should be considered. Reagent blanks
should be analyzed to correct for potassium impurities in the buffer stock.

4,0 APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

1 Potassium hollow cathode lamp.

2 Wavelength: 766.5 nm.

3 Fuel: Acetylene.

.4 Oxidant: Air,

5 Type of flame: Slightly oxidizing (fuel lean).
6 Background correction: Not required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.
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6.0

7.0

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.907 g of potassium chloride, KC1
(analytical reagent grade), dried at 110°C in Type II water and dilute to
1 liter with Type II water. Alternatively, procure a certified standard
from a supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same

concentration as will result in the sample to be analyzed after
processing.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

PROCEDURE

7.1 Samp]e'prgparation: The procedures for preparation of the sample

are given in Chapter Three, Section 3.2.

8.0

9.0

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

QUALITY CONTROL

8.1 See Section 8.0 of Method 7000.

METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-

ferences are:

Optimum concentration range: 0.1-2 mg/L with a wavelength of 766.5 nm.
Sensitivity: 0.04 mg/L.

Detection limit: 0.01 mg/L.

9.2 In a single 1laboratory, analysis of a mixed industrial-domestic

waste effluent, digested with Method 3010, at concentrations of 1.6 and 6.3

mg/L gave standard deviations of +0.2 and +0.5, respectively. Recoveries at
these levels were 103% and 102%, respectively.

10.0 REFERENCES

1.

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,

December 1982, Method 258.1.
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METHOD 7740
SELENIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION

1.1 Method 7740 1is an atomic absorption procedure approved for
determining the concentration of selenium 1in wastes, mobility-procedure
extracts, soils, and ground water, A1l samples must be subjected to an
appropriate dissolution step prior to analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis by Method 7740, samples must be prepared in order
to convert organic forms of selenium to inorganic forms, to minimize organic
interferences, and to convert samples to suitable solutions for analysis. The
sample-preparation procedure varies, depending on the sample matrix. Aqueous
samples are subjected to the acid-digestion procedure described in this

method. Sludge samples are prepared using the procedure described in Method
3050.

2.2 Following the appropriate dissolution of the sample, a representa-
tive aliquot is placed manually or by means of an automatic sampler into a
graphite tube furnace. The sample aliquot 1is then slowly evaporated to
dryness, charred (ashed), and atomized. The absorption of lamp radiation
during atomization will be proportional to the selenium concentration.

2.3 The typical detection limit for this method is 2 ug/L.

3.0 INTERFERENCES

3.1 Elemental selenium and many of 1its compounds are volatile;
therefore, samples may be subject to losses of ~selenium during sample
preparation. Spike samples and relevant standard reference materials should
be processed to determine if the chosen dissolution method is appropriate.

3.2 Likewise, caution must be employed during the selection of
temperature and times for the dry and char (ash) cycles. A nickel nitrate
solution must be added to all digestates prior to analysis to minimize
volatilization losses during drying and ashing.

3.3 In addition to the normal interferences experienced during graphite
furnace analysis, selenium analysis can suffer from severe nonspecific
absorption and 1light scattering caused by matrix components during
atomization. Selenium analysis is particularly susceptible to these problems
because of its low analytical wavelength (196.0 nm). Simultaneous background
correction is required to avoid erroneously high results. High iron levels

can give overcorrection with deuterium background. Zeeman background
correction can be useful in this situation.

7740 - 1

Revision 0
Date September 1986




3.4 If the analyte is not completely volatilized and removed from the
furnace during atomization, memory effects will occur. If this situation is
detected, the tube should be cleaned by operating the furnace at full power at
regular 1nterva]s in the analytical scheme.

3.5 Selenium analysis suffers interference from chlorides (D800 mg/L)

and sulfate (D200 mg/L). The addition of nickel nitrate such that the final
concentration is 1% nickel will lessen this interference.

4.0 APPARATUS AND MATERIALS
4.1 250-mL Griffin beaker.

4.2 10-mL volumetric flasks.

4.3 Atomic absorption spectrophotometer: Single-. or dual-channel,
single- or double-beam instrument with a grating monochromator, photomulti—
plier detector, .adjustable slits, a wavelength range of 190-800 nm, and

provisions for simultaneous background correction and interfacing with a
strip-chart recorder.

4.4 Selenium hollow cathode lamp, or electrodeless discharge lamp (EDL):
EDLs provide better sensitivity for the analysis of Se.

4.5 Graphite furnace: Any graphite furnace device with the appropriate
temperature and timing controls.

4.6 Strip-chart recorder: A recorder 1is strongly recommended for
furnace work so that there will be a permanent record and so that any problems
with the analysis, such as drift, incomplete atomization, losses during
charring, changes in sensitivity, etc., can easily be recognized.

4.7 Pipets: Microliter with disposable tips. Sizes can range from
5 to 1,000 uL, as required.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Concentrated nitric acid (HNO3): Acid should be analyzed to

determine levels of impurities. If a method blank made with the acid is <MDL,
the acid can be used.

5.3. Hydrogen peroxide (30%): Oxidant should be analyzed to determine

levels of impurities. If a method blank made with the oxidant is {MDL, the
oxidant can be used. : :
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5.4 Selenfum standard stock solution (1,000 mg/L): Either procure a
certified aqueous standard from a supplier and verify by comparison with a
second standard, or dissolve 0.3453 g of selenious acid (actual assay 94.6%

HpSe03, analytical reagent grade) or equivalent in Type II water and dilute to
200 mL.

5.5 Nickel nitrate solution (5%): Dissolve 24.780 g of ACS reagent
grade Ni(NO3)2:6H20 or equivalent in Type II water and dilute to 100 mL.

5.6 Nickel nitrate solution (1%): Dilute 20 mL of the 5% nickel nitrate
to 100 mL with Type II water.

5.7 Selenium working standards: Prepare dilutions of the stock solution
to be used as calibration standards at the time of the analysis. Withdraw
appropriate aliquots of the stock solution, add 1 mL of concentrated HNO3,
2 mL of 30% Hp02, and 2 mL of the 5% nickel nitrate solution. Dilute to
100 mL with Type II water.

5.8 Air: Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. The source may be a compressor or a
cylinder of industrial-grade compressed air.

5.9 Hydrogen: Suitable for instrumental analysis.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
Type 1I water. Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic

analysis) may have to be used if very volatile selenium compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of {2 with nitric acid.

6.5 Nonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible.

7.0 PROCEDURE

7.1 Sample preparation: Aqueous samples should be prepared in the
manner described in Steps 7.1.1 to 7.1.3. Sludge-type samples should be
prepared according to Method 3050. The applicability of a sample-preparation
technique to a new matrix type must be demonstrated by analyzing spiked
samples and/or relevant standard reference materials.
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7.1.1 Transfer 100 mL of well-mixed sample to a 250-mL Griffin
beaker; add 2 mL of 30% Hp02 and sufficient concentrated HNO3 to result
in an acid concentration of 1% (v/v). Heat for 1 hr at 95°C or until the
volume is slightly less than 50 mL.

7.1.2 Cool and bring back to 50 mL with Type II water.

7.1.3 Pipet 5 mL of this digested solution into a 10-mL volumetric
flask, add 1 mL of the 1% nickel nitrate solution, and dilute to 10 mL

with Type II water, The sample ‘is now ready for injection into the
furnace.

/

7.2 The 196.0-nm wavelength line and a background correction system must

be employed. Follow the manufacturer's suggestions for all other spectropho-
. tometer parameters. .

7.3 Furnace parameters suggested by the manufacturer should be employed
as guidelines. Because temperature-sensing mechanisms and temperature
controllers can vary between instruments or with time, the validity of the
furnace parameters must be periodically confirmed by systematically altering
the furnace parameters while analyzing a  standard. In this manner, losses of
analyte due to overly high temperature  settings or losses in sensitivity due
to less than optimum settings can be minimized. Similar verification of
furnace parameters may be required for complex sample matrices.

7.4 Inject a measured ulL-aliquot of sample into the furnace and atomize.
If the concentration found is greater than the highest standard, the sample
should be diluted in the same acid matrix and reanalyzed. The use of multiple
injections can improve accuracy and help detect furnace pipetting errors.

7.5 Analyze all EP extracts, all samples analyzed as part of a delisting

petition, and all samples that suffer from matrix interferences by the method
of standard additions.

7.6 Run a check standard after approximately every 10 sample injections.
Standards are run in part to monitor the life and performance of the graphite
tube. Lack of reproducibility or significant change in the signal for the
standard indicates that the tube should be replaced.

7.7 Duplicates, spiked samples, and check standards should be analyzed
every 20 samples.

7.8 Calculate metal concentrations: (1) by the method of standard
additions, (2) from a calibration curve, or (3) directly from the instrument's

concentration read-out. All dilution or concentration factors must be taken
into account. .
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8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples. A duplicate

sample is a sample brought through the entire sample preparation and
analytical process.

8.7 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 270.2 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 270.2. '

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Emission control dust 3050 - 14, 11 ug/g
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METHOD 7741
SELENIUM (ATOMIC ABSORPTION, GASEOUS HYDRIDE)

1.0 SCOPE AND APPLICATION

1.1 Method 7741 is an atomic absorption procedure that is approved for
determining the concentration of selenium in wastes, mobility-procedure
extracts, soils, and ground water, provided that the sample matrix does not
contain high concentrations of chromium, copper, mercury, silver, cobalt, or
molybdenum. A1l samples must be subjected to an appropriate dissolution step
prior to analysis. Spiked samples and relevant standard reference materials
are employed to determine applicability of the method to a given waste.

2.0 SUMMARY OF METHOD

2.1 Samples are prepared according to the nitric/sulfuric acid digestion
procedure described in this method. Next, the selenium in the digestate is
reduced to Se(IV) with tin chloride. The Se(IV) 1is then converted to a
volatile hydride with hydrogen produced from a zinc/HC1 reaction.

2.2 The volatile hydride is swept into an argon-hydrogen flame located
in the optical path of an atomic absorption spectrophotometer; the resulting
absorbance is proportional to the selenium concentration.

2.3 The typical detection 1imit for this method is 0.002 mg/L.

3.0 INTERFERENCES

3.1 High concentrations of chromium, cobalt, copper, mercury, molyb-
denum, nickel, and silver can cause analytical interferences.

3.2 Traces of nitric acid left following the sample work-up can result
in analytical interferences. Nitric acid must be distilled off the sample by
heating the sample until fumes of SO3 are observed.

3.3 Elemental selenium and many of 1its compounds are volatile;

therefore, certain samples may be subject to losses of selenium during sample
preparation.

4.0 APPARATUS AND MATERIALS
4.1 100-mL beaker.

4.2 Electric hot plate.

4.3 A commercially available zinc slurry hydride generator or a
generator constructed from the following material (see Figure 1):
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Argon

Flow Meter ’ Drying T“‘”m '

(Auxiliary Air)

JM-3328 .
: Argon (Nebulizer Air)

Hydrogen

Medicine (Fuel)
Dropper in

Size “O” i JM--5835
Rubber :
Stopper -

Figure 1. Zinc siurry hydride generator apparatus set-up and AAS sample introduction system.
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4,3.1 Medicine dropper: Fitted into a size "0" rubber stopper
capable of delivering 1.5 mL.

4.3.2 Reaction flask: 50-mL, pear-shaped, with two 14/20 necks
(Scientific Glass, JM-5835).

4.3.3 Gas inlet-outlet tube: Constructed from a micro cold-finger

condenser (JM-3325) by cutting the portion below the 14/20 ground-glass
Jjoint.

4.3.4 Magnetic stirrer: To homogenize the zinc slurry.

4.3.5 Polyethylene drying tube: 10-cm, filled with glass to
prevent particulate matter from entering the burner.

4,3.6 Flow meter: Capable of measuring 1 liter/min.

4.4 Atomic absorption-spectrophotometer: Single or dual channel, sin-
gle- or double-beam instrument with a grating monochromator, photomultiplier
detector, adjustable slits, a wavelength range of 190-800 nm, and provisions

for interfacing with @ ‘strip-chart recorder and simultaneous background
correction. - ’

4.5 Burnef: Recommended by the particular instrument manufacturer for
the argon-hydrogen flame.

4.6 Selenium hollow cathode lamp or electrodeless discharge lamp.

4.7 Strip-chart recorder (optional).

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Concentrated nitric acid: Acid should be analyzed to determine

levels of impurities. If a method blank made with the acid is {MDL, the acid
can be used.

5.3 Concentrated sulfuric acid: Acid should be analyzed to determine

levels of impurities. If a method blank made with the acid is <MDL, the acid
can be used. ‘ '

5.4 Concentrated hydrochloric acid: Acid should be analyzed to

determine levels of impurities. If a method blank made with the acid is {MDL,
the acid can be used.

5.5 Diluent: Add 100 mL 18 N H2S04 and 400 mL concentrated HC1 to

400 mL Type II water and dilute to a - final volume of 1 liter with Type II
water,
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5.6 Potassium iodide solution: Dissolve 20 g KI 1in 100 mL Type II
water. %

5.7 Stannous chloride solution: Dissolve 100 g SnClz 1in 100 mL of
concentrated HCI. :

5.8 Selenfum standard stock solution: . 1,000 mg/L solution may be
purchased, or prepared as follows: Dissolve 0; 3453 g of selenious acid (assay
94.6% of HoSe03) in Type II water. Add to a 200-mL volumetric flask and bring
to volume (1 mL = 1 mg Se). o

f
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

|
6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 A1l sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Special containers (e.g., containers used for volatile organic

analysis) may have to be used if very volatile selenium compounds are to be
analyzed.

6.4 Aqueous samples must be acidified to a pH of {2 with nitric acid.

6.5 Nonaqueous samples shall Be refrigerated, when possible, and
analyzed as soon as possible. ! _

7.0 PROCEDURE

7.1 Sample preparation:

7.1.1 To a 50-mL aliquot of digested sample (or, in the case of EP
extracts, a 50-mL sample) add 10 mL of concentrated HNO3 and 12 mL of
18 N H2504 Evaporate the sample on a hot plate until white SO3 fumes
are observed (a volume of about 20 mL). Do not 1let it char. If it
chars, stop the digestion, cool, and add additional HNO3. Maintain an
excess of HNO3 (evidence of brown fumes) "and do not let the solution
darken because selenium may be reduced and lost. When the sample remains
colorless or straw yellow during evolution of SO3 fumes the digestion is
complete.

7.1.2 Cool the sample, add about 25 mL Type II water, and again
evaporate to S03 fumes just to expel oxides of nitrogen. Cool. Add
40 mL concentrated HC1 and bring to a volume of 100 mL with Type II
water,

7.2 Prepare working standards from the standard stock solutions. The
following procedures provide standards in the optimum range.
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7.2.1 To prepare a working stock solution, pipet 1 mL standard
stock solution (see Paragraph 5.8) 1into a 1-liter volumetric flask.
Bring to volume with Type II water containing 1.5 mL concentrated
HNO3/1iter. The concentration of this solution is 1 mg Se/L
(1 mL = 1 ug Se).

7.2.2 Prepare six working standards by transferring 0, 0.5, 1.0,
1.5, 2.0, and 2.5 mL of ~ the working stock solution (see Paragraph 7.2.1)
into 100-mL volumetric flasks. Bring to volume with diluent. The
concentrations of these working standards are 0, 5, 10, 15, 20, and
25 ug Se/L.

7.3 Standard additions:

7.3.1 Take the 15-, 20-, and 25-ug standards and transfer
quantitatively 25 mL from each 1into separate 50-mL volumetric flasks.
Add 10 mL of the prepared sample to each. Bring to volume with Type II
water containing 1.5 mL HNO3/liter,

7.3.2 Add 10 mL of prepared sample to a 50-mL volumetric flask.
Bring to volume with Type II water containing 1.5 mL HNO3/liter. This is
the blank.

7.4 Follow the manufacturer's instructions for operating an argon-
hydrogen flame. The argon-hydrogen flame 1is colorless; therefore, it may be

useful to aspirate a low concentration of sodium to ensure that ignition has
occurred.

7.5 The 196.0-nm wavelength shall be used for the analysis of selenium.

7.6 Transfer a 25-mL portion of the digested sample or standard to the
reaction vessel. Add 0.5 mL SnClp solution. Allow at least 10 min for the
metal to be reduced to its lowest oxidation state. Attach the reaction vessel
to the special gas inlet-outlet glassware. Fill the medicine dropper with
1.50 mL zinc slurry that has been kept in suspension with the magnetic
stirrer. Firmly insert the stopper containing the medicine dropper into the
side neck of the reaction vessel. Squeeze the bulb to introduce the zinc
slurry into the sample or standard solution. The metal hydride will produce a

peak almost immediately. When the recorder pen returns partway to the base
line, remove the reaction vessel.

7.7 Analyze all EP extracts, all samples analyzed as part of a delisting
petition, and all samples that suffer from matrix interferences by the method
of standard additions.

7.8 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.9 Calculate metal concentrations: (1) by the method of standard
additions (2) from a calibration curve, or (3) directly from the instrument's
concentration read-out. All dilution or concentration factors must be taken

7741 - 5

Revision 0
Date September 1986




into account. For example, if the method of standard additions was employed,
the analytical value will be one-tenth the concentration of the original
sample due to dilution during preparation.

8.0 QUALITY CONTROL

8.1 A1l quality control data should be maintained and available for easy
reference or inspection.

8.2 Calibration curves ﬁust be composed of a minimum of a blank and

three standards. A calibration curve should be made for every hour of
continuous sample analysis.

8.3 Dilute samples if they are more concentrated than the h1ghest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring..

. 8.5 Verify calibration w1th an 1independently prepared check standard
every 15 samples. - : '

8.6 Run one spike duplicate sample for eVery 10 samples. A duplicate

sample 1s a -sample brought through the entire sample preparation and
analytical process. _

8.7 The method of "standard additions (see Method 7000, Section 8.7)
shall' be used for the analysis of all EP extracts, on all analyses submitted

as part of a delisting petition, and whenever ‘a new sample matrix is being
_analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 270.3 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Ana]ysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 270.3.
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METHOD 7760
SILVER (ATOMIC ABSORPTION, DIRECT ASPIRATON)

1.0 SCOPE AND APPLICATION

1.1 Method 7760 is an atomic absorption procedure approved for determin-
ing the concentration of silver in wastes, mobility procedure extracts, soils,
and ground water. All samples must be subjected to an appropriate dissolution
step prior to analysis.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis by Method 7760, samples must be prepared for
direct aspiration. The method of sample preparation will vary according to

the sample matrix. Aqueous samples are subjected to the acid-digestion
procedure described in this method.

2.2 Following the appropriate dissolution of the sample, a represen-
tative aliquot 1is aspirated into an air/acetylene flame. The resulting
absorption of hollow cathode radiation will be proportional to the silver
concentration. Background correction must be employed for all analyses.

2.3 The typical detection 1imit for this method is 0.01 mg/L; typical
sensitivity is 0.06 mg/L.

3.0 INTERFERENCES

3.1 Background correction is required because nonspecific absorption and
1ight scattering may occur at the analytical wavelength.

3.2 Silver nitrate solutions are 1light-sensitive and have the tendency

to plate out on container walls. Thus silver standards should be stored in
brown bottles.

3.3 Silver chloride is insoluble; therefore, hydrochloric acid should be
avoided unless the silver is already in solution as a chloride complex.

3.4 Samples and standards should be monitored for viscosity differences
that may alter the aspiration rate.

4.0 APPARATUS AND MATERIALS

4,1 Atomic absorption spectrophotometer: Single- or dual-channel,
single- or double-beam instrument with a grating monochromator,

photomultiplier detector, adjustable slits, and provisions for background
correction.
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4.2 Silver hollow cathode lamp.

4.3 Strip-chart recorder (optional).

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193) Water should be monitored for
impurities.

5.2 Concentrated nitric acid (HNO3):  Acid should be analyzed to

determine levels of impurities. If 1impurities are detected, all analyses
should be blank-corrected.

5.3 Concentrated ammonium hydroxide (NH4qOH): Base should be analyzed to
determine levels of 1impurities. If 1impurities are detected, all analyses
should be blank-corrected.

5.4 Silver standard stock solution (1,000 mg/L): Either procure a
certified aqueous standard from a supplier and verify by comparison with a
second standard, or dissolve 0.7874 g anhydrous silver nitrate (AgNO3),
analytical reagent “grade, in Type II water. Add 5 mL concentrated HNO3 and
bring to volume in a 500-mL volumetric flask (1mL=1mg Ag).

5.5 S11ver working standards: These standards should be prepared with
nitric ac1d’and at the same concentrations as the analytical solution.

5.6 Iodine solution, 1 N: Dissolve 20 g potassium iodide (KI),
analytical reagent grade, in 50 mL Type II water. Add 12.7 g iodine (Iy),
analytical reagent grade, and dilute to 100 mL. Place in a brown bottle.

5.7 Cyanogen jodide solution: To 50 mL Type II water add 4.0 mL
concentrated NH4qOH, 6.5 g KCN, and 5.0 mL of iodine solution. Mix and dilute
to 100 mL with Type II water. Do not keep longer than 2 wk.

CAUTION: This reagent cannot be mixed with any acid solutions because

toxic hydrogen cyanide will be produced.

5.8 Air: Cleaned and dried through a suitable filter to remove oil,
water, and other foreign substances. The * source may be a compressor or a
cylinder of industrial-grade compressed air.

5.9 Acetylene: Should be of high purity. Acetone, which 1s usually
present in acetylTene cylinders, can be prevented from entering and affecting

flame conditions by replacing the cylinder before the pressure has fallen to
50 psig

6.0 SAMPLE COLLECTION,‘PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.
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6.2 All sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Aqueous samples must be acidified to a pH {2 with nitric acid.

6.4 When possible, standards and samples should be stored in the dark
and in brown bottles.

6.5 MNonaqueous samples shall be refrigerated, when possible, and
analyzed as soon as possible.

7.0 PROCEDURE

7.1 Sample preparation: Aqueous samples should be prepared according to
Paragraphs 7.2 and 7.3. The applicability of a sample-preparation technique

to a new matrix type must be demonstrated by analyzing spiked samples and/or
relevant standard reference materials.

7.2 Preparation of aqueous samples:

7.2.1 Transfer a representative aliquot of the well-mixed sample to

a Griffin beaker and add 3 mL of concentrated HNO3. Cover the beaker

with a watch glass. Place the beaker on a hot plate and cautiously

evaporate to near dryness, making certain that the sample does not boil.

DO NOT BAKE. Cool the beaker and add another 3-mL portion of

concentrated HNO3. Re-cover the beaker with a watch glass and return to

the hot plate. Increase the temperature of the hot plate so that a

gentle reflux action occurs.

NOTE: If the sample contains thiosulfates, this step may result in
splatter of sample out of the beaker as the sample approaches
dryness. This has been reported to occur with certain
photographic types of samples.

~7.2.2 Continue heating, adding additional acid, as necessary, until
the digestion is complete (generally indicated when the digestate is
light in color or does not change in appearance with continued
refluxing). Again, evaporate to near dryness and cool the beaker. Add a
small quantity of HNO3 so that the final dilution contains 0.5% (v/v)

HNO3 and warm the beaker to dissolve any precipitate or residue resulting
from evaporation.

7.2.3 Wash down the beaker walls and watch glass with Type II water
and, when necessary, filter the sample to remove silicates and other
insoluble material that could clog the nebulizer. Adjust the volume to
some predetermined value based on the expected metal concentrations. The
sample is now ready for analysis.
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7.3 If plating out of AgCl 1is suspected, the precipitate can be
redissolved by adding cyanogen iodide to the sample.
CAUTION: This can be done only after digestion to ‘prevent formation of
toxic cyanide under acid conditions.
If cyanogen iodide addition to the sample 1is necessary, then the standards
must be treated in the same manner.
CAUTION: Cyanogen iodide must not be added to the acidified silver
standards.
New standards must be made, as directed in Paragraphs 5.4 and 5.5, except that
the acid addition step must be omitted. Transfer 10 mL of stock solution to a
small beaker. Add Type II water to make about 80 mL. Make the solution basic
(pH above 7) with ammonium hydroxide. Rinse the pH meter electrodes into the
solution with Type II water. Add 1 mL cyanogen iodide and allow to stand 1
hr. Transfer quantitatively to a 100-mL volumetric flask and bring to volume
with Type II water.

7.4 The 328.1-nm wavelength 1line and background correction shall be
employed.

7.5 An oxidizing air-acetylene flame shall be used.

7.6 Follow the manufacturer's operating instructions for all other
spectrophotometer parameters.

7.7 Either (1) run a series of siiver standards and construct a
calibration curve by plotting the concentrations of the standards against the
absorbances, or (2) for the method of standard additions, plot added
concentration versus absorbance. For instruments that read directly in
concentration, set the curve corrector to read out the proper concentration.

7.8 Analyze all EP extracts, all samples analyzed as part of a delisting

petition, and all samples that suffer from matrix interferences by the method
of standard additions.

7.9 Duplicates, spiked samples, and check standards should be routinely
analyzed.

7.10 Calculate metal concentrations: (1) by the method of standard
additions, (2) from a calibration curve, or (3) directly from the instrument's
concentration read-out. All dilution or concentration factors must be taken
into account.

8.0 QUALITY CONTROL

8.1 A1l quality control data should be maintained and available for easy
reference or inspection. '

8.2 Calibration curves must be composed of a minimum of a blank and
three standards. A calibration curve should be made for every hour of
continuous sample analysis.
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8.3 Dilute samples if they are more concentrated than the highest
standard or if they fall on the plateau of a calibration curve.

8.4 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.5 Verify calibration with an independently prepared check standard
every 15 samples.

8.6 Run one spike duplicate sample for every 10 samples. A duplicate
sample is a sample brought through the entire - sample preparation and
analytical process.

8.7 The method of standard additions (see Method 7000, Section 8.7)
shall be used for the analysis of all EP extracts, on all analyses submitted
as part of a delisting petition, and whenever a new sample matrix is being
analyzed.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 272.1 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are 1intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 272.1.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA
Sample Preparation Laboratory
Matrix Method Replicates
Wastewater treatment sludge 3050 2.3, 1.6 ug/g
Emission control dust 3050 1.8, 4.2 ug/g
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METHOD 7770
SODIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of‘Method 7000,

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Ionization interferences can affect analysis for sodium; therefore,

samples and standards must be matrix matched or an jonization suppressant
employed.

3.3 Sodium is a universal contaminant, and.great care should be taken to
avoid contamination.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4,2 Instrument parameters (general):

Sodium hollow cathode lamp.
Wavelength: 589.6 nm.

Fuel: Acetylene.

Oxidant: Air.

Type of flame: Oxidizing (fuel lean).
Background correction: Not required.

e o o o o o
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5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 2.542 g sodium chloride, NaCl
(analytical reagent grade), in Type II water, acidify with 10 mL
redistilled HNO3, and dilute to 1 1liter with Type II water.
Alternatively, procure a certified standard from a supplier and verify by

comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result 1in the sample to be analyzed after
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 . See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of inter-
ferences are: :

Optimum concentration range: 0.03-1 mg/L with a wavelength of 589.6 nm.
Sensitivity: 0.015 mg/L. :

Detection 1imit: 0.002 mg/L.

9.2 In a single laboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 8.2 and 52
mg/L gave standard deviations.of +0.1 and +0.8, respectively. Recoveries at
these levels were 102% and 100% respectively.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 273.1.
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METHOD 7840
THALLIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required.

3.3 Hydrochloric acid should not be used.

APPARATUS AND MATERIALS
4,1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4,2.1 Thallium hollow cathode lamp.

4,2.2 WMavelength: 276.8 nm.

4.2.3 Fuel: Acetylene.

4,2.4 Oxidant: Air.

4.2.5 Type of flame: Oxidizing (fuel lean).

4.2.6 Background correction: Required.
REAGENTS

5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.303 g thallium nitrate, TINO3
(analytical reagent grade), in Type II water, acidify with 10 mL
concentrated HNO3, and dilute to 1 1liter with Type II water. Alterna-
tively, procure a certified standard from a supplier and verify by
comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing (0.5% v/v HNO3).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL

8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are: .

Optimum concentration range: 1-20 mg/L with a wavelength of 276.8 nm.
Sensitivity: 0.5 mg/L.
Detection limit: 0.1 mg/L.

9.2 In a single Tlaboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 0.6, 3, and 15
mg/L gave standard deviations of +0, 018 +0.05, and +0.2, respectively
Recoveries at these levels were 100%, 98%, and 98%, respective]y

9.3 For concentrations of thallium below 0.2 mg/L, the furnace technique
(Method 7841) is recommended.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 279.1.
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METHOD 7841
THALLIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0. SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required.

3.3 Hydrochloric acid or excessive chloride will cause volatilization of
thallium at low temperatures. Verification that losses are not occurring, by
spiked samples or standard additions, must be made for each sample matrix.

3.4 Palladium is a suitable matrix modifier for thallium analysis.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

Drying time and temp: 30 sec at 125°C.

Ashing time and temp: 30 sec at 400°C.

Atomizing time and temp: 10 sec at 2400°C.

Purge gas: Argon or nitrogen.

Wavelength: 276.8 nm.

Background correction: Required.

Other operating parameters should be set as specified by the

particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.
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5.0

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of. standards:

5.2.1 Stock solution: Dissolve 1.303 g thallium nitrate, TINO3
(analytical reagent grade), in Type II water, acidify with 10 mL
concentrated HNO3, and dilute to 1 Tliter with Type II water. Alterna-
tively, procure a certified standard from a supplier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v HNO3).

5.3 Palladium chloride: Weigh 0.25 g of PdCip to the nearest 0.0001 g.

Dissolve in 10 mL of 1:1 HNO3 and dilute to 1 liter with Type II water. Use
equal volumes of sample and palladium solution.

6.0

7.0

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample

are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation

is given in Method 7000, Paragraph 7.4.

8.0

9.0

QUALITY CONTROL

8.1 See Section 8.0 of Method 7000.

METHOD PERFORMANCE

9.1 Precision and accuracy data are not available at this time.

9.2 The performance characteristics for an aqueous sample free of

interferences are:

Optimum concentration range: 5-100 ug/L.
Detection limit: 1 ug/L.
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10.0 REFERENCES

1. Application of Matrix-Modification 1in Determination of Thallium in

Wastewater by Graphite-Furnace Atomic-Absorption Spectrometry, Talanta, 31(2)
(1984), pp. 150-152.
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METHOD 7870
TIN (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

APPARATUS AND MATERIALS
4,1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4,2.1 Tin hollow cathode lamp.

4,2.2 Wavelength: 286.3 nm.

4,2.3 Fuel: Acetylene.

4,2.4 Oxidant: Nitrous oxide.

4,2.5 Type of flame: Fuel rich.

4,2.6 Background correction: Not required.

REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g of tin metal (analytical
reagent grade) in 100 mL of concentrated HC1 and dilute to 1 liter with
Type II water. Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same

concentration as will result in the sample to be analyzed after
processing.
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2. "

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL

8.1 See Section 8.0 of Method 7000,

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 10-300 mg/L with a wavelength of 286.3 nm.
Sensitivity: 4 mg/L.

Detection 1imit: 0.8 mg/L.

9.2 In a single Tlaboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 4, 20, and 60
mg/L gave standard deviations of +0. 25 +0.5, and +0.5, respectively
Recoveries at these levels were 96%, 101% and” 101% respective]y.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 282.1.
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METHOD 7910
VANADIUM (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction may be required.

3.3 High concentrations of aluminum or titanium, or the presence of Bi,
Cr, Co, Fe, acetic acid, phosphoric acid, surfactants, detergents, or alkali
metals, may interfere. The interference can be controlled by adding

1,000 mg/L aluminum to samples and standards.

4,0 APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

2.1 Vanadium hollow cathode lamp.

2.2 Wavelength: 318.4 nm.

2.3 Fuel: Acetylene.

.2.4 Oxidant: Nitrous oxide.

2.5 Type of flame: Fuel rich.

2.6 Background correction: Required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.7854 g of vanadium pentoxide,
V205 (analytical reagent grade), in 10 mL of concentrated nitric acid and
dilute to 1 liter with Type II water. Alternatively, procure a certified
standard from a supplier and verify by comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will vresult in the sample to be analyzed after
processing. In addition, 2 mL of the aluminum nitrate solution described
in Paragraph 5.2.3 should be added to each 100 mL of standards and
samples. ‘

5.2.3 Aluminum nitrate solution: Dissolve 139 g aluminum nitrate
(A1[NO3]3°9H20) in 150 mL Type II water; heat to complete dissolution.
Allow to cool and dilute to 200 mL with Type II water. A1l samples and
standards should contain 2 mL of this solution per 100 mL.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation,
7.0 PROCEDURE -

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance  characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 2-100 mg/L with a wavelength of 318.4 nm.
Sensitivity: 0.8 mg/L.
Detection limit: 0.2 mg/L.

9.2 In a single 1laboratory), analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 2, 10, and 50
mg/L gave standard deviations of +0.1, 40.1, and +0.2, respectively.
Recoveries at these levels were 100%, 95%, and 97%, respectively.

9.3 For concentrations of vanadium below 0.5 mg/L, the furnace technique
(Method 7911) is recommended.
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10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 286.1.
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METHOD 7911
VANADIUM (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required.

3.3 Vanadium is refractory and prone to form carbides. Consequently,

memory effects are common, and care should be taken to clean the furnace
before and after analysis.

4.0

3.4 Nitrogen should not be used as a purge gas.

APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Drying time and temp: 30 sec at 125°C.

4.2.2 Ashing time and temp: 30 sec at 1400°C.

4,2.3 Atomizing time and temp: 15 sec at 2800°C.

4.2.4 Purge gas: Argon (nitrogen should not be used).

4,2.5 MWavelength: 318.4 nm.

4.2.6 Background correction: Required.

4,2.7 Other operating parameters should be set as specified by the

particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.
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5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.7854 g of vanadium pentoxide,
V205 (analytical reagent grade), in 10 mL of concentrated nitric acid and
dilute to 1 liter with Type II water. Alternatively, procure a certified
standard from a supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards

should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v HNO3).’

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING.

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4. '

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Preciéion and accuracy data are available in Method 286.2 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The performance characteristics for an aqueous sample free of
interferences are:

Optimum'concentfation range: 10-200 ug/L.
Detection 1imit: 4 ug/L.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 286.2.
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METHOD 7950
ZINC (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION
1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 High levels of silicon, copper, or phosphate may interfere. Addi-
tion of strontium (1,500 mg/L) removes the copper and phosphate interference.

3.3 Zinc is a universal contaminant, and great care should be taken to
avoid contamination.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Zinc hollow cathode lamp.

4,2,2 Wavelength: 213.9 nm.

4,2.3 Fuel: Acetylene.

4,2.4 Oxidant: Air.

4.2.5 Type of flame: Oxidizing (fuel lean).
4.2.6 Background correction: Required.

5.0 REAGENTS
5.1 See Section 5.0 of Method 7000.

5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.000 g =zinc metal (analytical
reagent grade) in 10 mL of concentrated nitric acid and dilute to 1 liter
with Type II water. Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.
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5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same concentra-
tion as will result in the sample to be analyzed after processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 0.05-1 mg/L with a wavelength of 213.9 nm.
Sensitivity: 0.02 mg/L. '

Detection 1imit: 0.005 mg/L.

9.2 For concentrations of zinc below 0.01 mg/L, the furnace technique
(Method 7951) is recommended.

9.3 Precision and accuracy data are available in Method 289.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 289.1.
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APPENDIX
COMPANY REFERENCES

The following 1listing of frequently-used addresses 1is provided for the
convenience of users of this manual. No endorsement 1is intended or implied.

Ace Glass Company
1342 N.W. Boulevard
P.0. Box 688
Vineland, NJ 08360
(609) 692-3333

Aldrich Chemical Company
Department T

P.0. Box 355

Milwaukee, WI 53201

Alpha Products

5570 - T W. 70th Place
Chicago, IL 60638
(312) 586-9810

Barneby and Cheney Company

E. 8th Avenue and N. Cassidy Street
P.0. Box 2526

Columbus, OH 43219

(614) 258-9501

Bio - Rad Laboratories
2200 Wright Avenue
Richmond, CA 94804
(415) 234-4130

Burdick & Jackson Lab Inc.
1953 S. Harvey Street
Muskegon, MO 49442

Calgon Corporation
P.0. Box 717
Pittsburgh, PA 15230
(412) 777-8000

Conostan Division

Conoco Speciality Products, Inc.
P.0. Box 1267

Ponca City, OK 74601

(405) 767-3456
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Corning Glass Works
Houghton Park
Corning, NY 14830
(315) 974-9000

Dohrmann, Division of Xertex Corporation
3240 - T Scott Boulevard

Santa Clara, CA 95050

(408) 727-6000

(800) 538-7708

E. M. Laboratories, Inc.
500 Executive Boulevard
Elmsford, NY 10523

Fisher Scientific Co.
203 Fisher Building
Pittsburgh, PA 15219
(412) 562-8300

General Electric Corporation
3135 Easton Turnpike
Fairfield, CT 06431

(203) 373-2211

Graham Manufactory Co., Inc.
20 Florence Avenue

Batavia, NY 14020

(716) 343-2216

Hamilton Industries
1316 18th Street

Two Rivers, WI 54241
(414) 793-1121

ICN Life Sciences Group
3300 Hyland Avenue
Costa Mesa, CA 92626

Johns - Manville Corporation
P.0. Box 5108
Denver, CO 80217

Kontes Glass Company
8000 Spruce Street
Vineland, NJ 08360

Millipore Corporation
80 Ashby Road
Bedford, MA 01730
(617) 275-9200

(800) 225-1380
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National Bureau of Standards
U.S. Department of Commerce
Washington, DC 20234

(202) 921-1000

Pierce Chemical Company
Box 117

Rockford, IL 61105
(815) 968-0747

Scientific Glass and Instrument, Inc.
7246 - T Wynnwood

P.0. Box 6

Houston, TX 77001

(713) 868-1481

Scientific Products Company
1430 Waukegon Road

McGaw Park, IL 60085

(312) 689-8410

Spex Industries
3880 - T and Park Avenue
Edison, NJ 08820

Waters Associates
34 - T Maple Street
Milford, MA 01757
(617) 478-2000
(800) 252-4752

Whatman Laboratory Products, Inc.
Clifton, NJ 07015
(201) 773-5800
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ABSTRACT

=z This manual provides test procedures which may be used to evaluate those
gproperties of a solid waste which determine whether the waste is a hazardous
waste within the definition of Section 3001 of the Resource Conservation and
Recovery Act (PL 94-580). These methods are approved for obtaining data to
satisfy the requirement of 40 CFR Part 261, Identification and Listing of
Hazardous Waste. This manual encompasses methods for collecting
representative samples of solid wastes, and for determining the reactivity,
corrosivity, ignitability, and composition of the waste and the mobility of
toxic species present in the waste.
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5030 Four (4.2.1; 5030 0
5040 Four (4.2.1 3720 0
6010 Three 6010 0
7000 Three 7000 0
7020 Three 7020 0
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METHOD INDEX AND CONVERSION TABLE

(Continued)
Method Number, Chapter Number, Method Number, Current Revision
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7080 Three 7080 0
7090 Three 7090 0
7091 Three 7091 0
7130 Three 7130 0
7131 Three 7131 0
7140 Three 7140 0
7190 Three 7190 0
7191 Three ‘ 7191 0
7195 Three 7195 0
7196 Three 7196 0
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7198 Three 7198 0
7200 Three 7200 . 0
7201 Three 7201 0
7210 Three 7210 0
7380 Three 7380 0
7420 Three 7420 0
7421 Three 7421 0
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7460 Three _ 7460 0
7470 Three : 7470 0
7471 - Three 7471 0
7480 Three 7480 0
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7520 Three 7520 0
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PREFACE 'AND OVERVIEW

PURPOSE OF THE MANUAL

Test Methods for Evaluating Solid Waste (SW-846) is intended to provide a
unified, up-to-date source of information on sampling and analysis related to
compliance with RCRA regulations. It brings together into one reference all
sampling and testing methodology approved by the Office of Solid Waste for use
in implementing the RCRA regulatory program. The manual provides methodology
for collecting and testing representative samples of waste and other materials
to be monitored. Aspects of sampling and testing covered in SW-846 include
quality control, sampling plan development and implementation, analysis of
inorganic and organic constituents, the estimation of intrinsic physical
properties, and the appraisal of waste characteristics.

The procedures described in this manual are meant to be comprehensive and
detailed, coupled with the realization that the problems encountered in
sampling and analytical situations require a certain amount of flexibility.
The solutions ‘to these problems will depend, in part, on the skill, training,
and experience of the analyst. For some situations, it is possible to use
this manual in rote fashion. In other situations, 1t will require a
combination of technical abilities, using the manual as guidance rather than
in a step-by-step, word-by-word fashion. Although this puts an extra burden
on the wuser, it 1is unavoidable because of the variety of sampling and
analytical conditions found with hazardous wastes.

ORGANIZATION AND FORMAT

This manual is divided into two volumes. Volume I focuses on laboratory
activities and is divided for convenience 1into three sections. Volume IA
deals with quality control, selection of appropriate test methods, and
analytical methods for metallic species. Volume IB consists of methods for
organic analytes. Volume IC 1dincludes a variety of test methods for
miscellaneous analytes and properties for use 1in evaluating the waste
characteristics. Volume II deals with sample acquisition and includes quality
control, sampling plan design and implementation, and field sampling methods.
Included for the convenience of sampling personnel are discusssions of the
ground water, land treatment, and incineration monitoring regulations.

Volume I begins with an overview of the quality control precedures to be
imposed upon the sampling and analytical methods. The quality control chapter
(Chapter One) and the methods chapters are interdependent. The analytical
procedures cannot be used without a thorough understanding of the quality
control requirements and the means to implement them. This understanding can
be achieved only be reviewing Chapter One and the analytical methods together.
It is expected that individual Tlaboratories, using SW-846 as the reference
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source, will select appropriate methods -and develop a standard operating
procedure (SOP) to be followed by the laboratory. The SOP should incorporate
the pertinent information from this manual -adopted to the specific needs and
circumstances of the 1nd1v1dua1 1aboratory as well as to the materials to be
evaluated. '

The method selection chapter (Chapter Two) - presents a comprehensive
discussion of the application of these methods to various matrices in the
determination of groups of analytes or specific analytes. It aids the chemist
in constructing the correct analytical method from the array of procedures
whigh may cover the matrix/analyte/concentration combination of interests.
The - section discusses the objective of . the testing program and its
relationship to the choice of an analytical method. Flow charts are presented
along with tables to guide in the selection of the correct analytical
procedures to form the appropriate method..

The analytical methods are separated into distinct procedures describing
specific, independent .analytical operations. These include extraction,
digestion, cleanup, and determination.- This format allows linking of the
various steps in the analysis according  to: the type of sample (e.g., water,
soil, sludge, still bottom); analytes(s) of interest; needed sensitivity; and
available analytical instrumentation. = The chapters describing Miscellaneous
Test Methods and Properties, however, give complete methods which are not
amenable to such segmentation to form discrete procedures.

The introductory material at the beginning of each section containing
analytical procedures presents information . on sample handling and
preservation, safety, and sample preparation.

Part II of Volume I (Chapters Seven and Eight) describes the
characteristics of a waste. Sections following the regulatory descriptions
contain the methods used to determine - if the waste is hazardous because it
exhibits a particular characteristic.

Volume II gives background information on statistical and nonstatistical
aspects of sampling. It also presents practical sampling techniques
appropriate for situations presenting a variety of physical conditions.

A discussion of the regulatory requirements with respect to several
monitoring categories is also given in this volume. These include ground
water mon1tor1ng, land treatment, and incineration. The purpose of this
gu1dance is to orient the user to the objective of the analysis, and to assist
in developing data quality objectives, sampling plans, and laboratory SOP's.

Significant interferences, or other problems, may be encountered with
certain samples. In these situations, the analyst 1s advised to contact the
Chief, Methods Section (WH-562B) Technical Assessment Branch, Office of Solid
Waste, US EPA, Washington, DC 20460 (202-382-4761) for assistance. The
manua]'is 1ntended to serve all those -with a need to evaluate solid waste,
Your comments, corrections, suggestions, and questions concerning any material
contained in, or omitted from, this manual will be gratefu]]y appreciated.
Please dlrect your comments to the above address.
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CHAPTER ONE, REPRINTED
QUALITY CONTROL
1.1 INTRODUCTION

Appropriate use of data generated under the great range of analytical
conditions encountered in RCRA analyses requires reliance on the. quality
control practices incorporated into the methods and procedures. The
Environmental Protection Agency generally requires using approved methods for
sampling and analysis operations fulfilling regulatory requirements, but the
mere approval of these methods does not guarantee adequate results.
Inaccuracies can result from many causes, including unanticipated matrix
effects, equipment malfunctions, and operator error. Therefore, the quality
control component of each method is indispensable.

The data acquired from quality control procedures are used to estimate
and evaluate the information content of analytical data and to determine the
necessity or the effect of corrective action procedures. The means used to
estimate information content include precision, accuracy, detection limit, and
other quantifiable and qualitative indicators.

1.1.1 Purpose of this Chapter

This chapter defines the quality control procedures and components that
are mandatory 1in the performance of analyses, and indicates the quality
control information which must be generated with the analytical data. Certain
activities in an integrated program to generate quality data can be classified
as management (QA) and other as functional (QC). The presentation given here
is an overview of such a program.

The following sections discuss some minimum standards for QA/QC programs.
The chapter is not a gquide to constructing quality assurance project plans,
quality control programs, or a quality assurance organization. Generators who
are choosing contractors to perform sampling or analytical work, however,
should make their choice only after evaluating the contractor's QA/QC program
against the procedures presented in these sections. Likewise, laboratories

that sample and/or analyze solid wastes should similarily evaluate their QA/QC
programs. '

Most of the laboratories who will use this manual also carry out testing
other than that called for in SW-846. Indeed, many user laboratories have
multiple mandates, including analyses of drinking water, wastewater, air and
industrial hygiene samples, and process samples. These laboratories will, in
most cases, already operate under an organizational structure that includes
QA/QC. Regardless of the extent and history of their programs, the users of
this manual should consider the development, status, and effectiveness of
their QA/QC program in carrying out the testing described here. '
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1.1.2 Program Design

The initial step for any sampling or analytical work should be strictly
to define the program goals. Once the goals have been defined, a program must
be designed to meet them. QA and QC measures will be used to monitor the
program and to ensure that all data generated are suitable for their intended
use. The responsibility of ensuring that the QA/QC measures are properly
employed -must be assigned to a knowledgeable person who 1is not directly
involved in the -sampling or analysis. .

One approach that has been found to provide a useful structure for a

QA/QC program is the preparation of both general program plans and project-
specific QA/QC plans. .

The program plan for a laboratory sets up basic laboratory policies,
including QA/QC, and may include standard operating procedures for specific
tests. The program plan serves as an operational charter for the laboratory,
defining its purposes, its organization: and its operating principles. Thus,
it is an orderly assemblage of management policies, objéctives, principles,
and general procedures describing how an agency or laboratory intends to
produce data of known and accepted quality. The elements of a program plan

and its preparation are described in QAMS-004/80 (see References, Section
1.6). ‘ :

Project-specific QA/QC plans differ from. program plans in that specific
details of a particular sampling/analysis program are addressed. For example,
a program plan might state that all analyzers will be calibrated according to
a specific protocol given 1in written standard operating procedures for the
laboratory (SOP), while a project plan would state that a particular protocol
will be used to calibrate the analyzer for a specific set of analyses that
have been defined in the plan. The project plan draws on the program plan or
its basic structure and applies this management approach to specific
determinations. A given agency or laboratory would have only one quality
assurance program plan, but would have a quality assurance project plan for
each of its projects. The elements of a project plan and its preparation are
described in QAMS/005/80 (see References, Section 1.6) and are listed in
Figure 1-1. . :

Some organizations may find it. inconvenient or even unnecessary to
prepare a new project plan for each new set of analyses, especially analytical
laboratories which receive numerous batches of samples from various customers
within and outside their organizations. For these organizations, it is
especially important that adequate QA management structures exist and that any
procedures used exist as standard. operating procedures (SOP), written
documents which detail an operation, analysis or action whose mechanisms are
thoroughly prescribed and which is commonly accepted as the method for
performing certain routine or repetitive tasks. Having copies of SW-846 and
all its referenced documents in one's laboratory is not a substitute for
having in-house versions of the methods written to conform to specific
instrumentation, data needs, and data quality requirements.
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FIGURE 1-1
ESSENTIAL ELEMENTS OF A QA PROJECT PLAN
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1.1.3 Organization and Responsibility

As part of any measurement program, activities for the data generators,
data reviewers/approvers, and. data users/requestors must be clearly defined.
While the specific titles of these individuals will vary among agencies and
laboratories, the most basic structure .will include at Tleast one
representative of each of these three types. The data generator is typically
the individual who carries out the "analyses at the direction of the data
user/requestor or a designate within or outside the 1laboratory. The data
reviewer/approver is responsible for ensuring that the data produced by the
data generator meet agreed-upon specifications.

Responsibility for data review is sometimes assigned to a "Quality
Assurance Officer" or "QA Manager." This individual has broad authority to
approve or disapprove project plans, specific analyses and final reports. The
QA Officer is independent from the data generation activities. In general,
the QA Officer is responsible for reviewing and advising on all aspects of
QA/QC, including:

Assisting the data requestor in specifying the. QA/QC procedure to be used
during the program;

Making on-site evaluations and submitting audit samples to assist in
reviewing QA/QC procedures; and,

f problems are detected, making recommendations to the data requestor and
upper corporate/institutional management to ensure that appropriate
corrective actions are taken.

In programs where large and complex amounts of data are generated from
both field and Tlaboratory activities, it 1is helpful to designate sampling

monitors, analysis monitors, and quality. control/data monitors to assist in
carrying out the program or project.

The sampling monitor is responsible for field activities. These include:

Determining (with the analysis monitor) appropriate sampling equipment
and sample containers to minimize contamination;

" .Ensuring that samples are collected, preservéd, and transported as
specified in the workplan; and :

Checking that all sample documentation (labels, field notebooks, chain-
of-custody records, packing 1lists) is correct and transmitting that
information, along with the samples, to the analytical laboratory.

The analysis monitor is responsible for 1laboratory activities. These
include:

Training and qualifying personnel in specified laboratory QC and
analytical procedures, prior to receiving samples;
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Receiving samples from the field and verifying that incoming samples
correspond to the packing list or chain-of-custody sheet; and

Verifying that laboratory QC and analytical procedures are being followed
as specified in the workplan, reviewing sample and QC data during the
course of analyses, and, if questionable data exist, determining which
repeat samples or analyses are needed.

The quality control and data monitor is responsible for QC activities and
data management. These include:

Maintaining records of all incoming samples, tracking those samples
through subsequent processing and analysis, and, wultimately,

appropriately disposing of those samples at the conclusion of the
program;

Preparing quality control samples for analysis prior to and during the
program;

Preparing QC and sample data for review by the analysis coordinator and
the program manager; and

Preparing QC and sample data for transmission and entry into a computer
data base, if appropriate.

1.1.4 Performance and Systems Audits

The QA Officer may carry out performance and/or systems audits to ensure
that data of known and defensible quality are produced during a program,.

Systems audits are qualitative evaluations of all components of field and
laboratory quality control measurement systems. They determine 1if the
measurement systems are being used appropriately. The audits may be carried
out before all systems are operational, during the program, or after the
completion of the program. Such audits typically involve a comparison of the
activities given in the QA/QC plan with those actually scheduled or performed.
A special type of systems audit is the data management audit. This audit
addresses only data collection and management activities.

The performance audit is a quantitative evaluation of the measurement
systems of a program. It requires testing the measurement systems with
samples of known composition or behavior to evaluate precision and accuracy.
The performance audit is carried out by or under the auspices of the QA
Officer without the knowledge of the analysts. Since this is seldom

achievable, many variations are used that increase the awareness of the
analyst as to the nature of the audit material.

ONE - 5
Revision 0
Date September 1986




1.1.5 Corrective Action

Corrective action proceddres should be -addressed 1in the program plan,
project, or SOP. These should include the following elements: -

The EPA predetermined 1limits for data acceptab111ty beyond which
corrective action is required;

Procedures for corrective action; and,

For each measurement system, identification of the individual responsible

for initiating the corrective action and the individual responsible for

approving the corrective ‘action, .if necessary.

The need for corrective action may be identified by system or performance
audits or by standard QC procedures. The essential steps in the corrective
action system are: '

Identification and definition of the problem;

Assignment of responsibility for investigating the problem;

Investigation and determination of the cause of the problem;

Determination of a corrective action to eliminate the problem;

Assigning and accepting responsibility for implementing the corrective
action;

Implementing the corrective aétion and evaluating its effectiveness; and
Verifying that the correctivé action has eliminated the problem.

The QA Officef should ensure that these steps are taken and that the
problem which led to the corrective action has been resolved.

1.1.6 QA/QC Reporting to Management |

QA Project Program or Plans should provide a mechanism for periodic
reporting to management (or to the data user) on the performance of the
measurement system and the data quality. Minimally, these reports should
include:

Periodic assessment of measurement quality indicators, i.e., data
accuracy, precision and completeness;

Results of performance audits;
Results of system audits; and

Significant QA problems and recommended solutions.
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The individual responsible within the organization structure for
preparing the periodic reports should be identified in the organizational or
management plan. The final report for each project should also include a
separate QA section which summarizes data quality information contained in the
periodic reports.

Other guidance on quality assurance management and organizations is
available from the Agency and professional organizations such as ASTM, AOAC,
APHA and FDA.

1.1.7 Quality Control Program for the Analysis of RCRA Samples

An analytical quality control program develops information which can be
used to:

Evaluate the accuracy and precision of analytical data in order to
establish the quality of the data;

Provide an indication of the need for corrective actions, when comparison
with existing regulatory or program criteria or data trends shows that
activities must be changed or monitored to a different degree; and

To determine the effect of corrective actions.

1.1.8 Definitions

ACCURACY: Accuracy means the nearness of a result or the mean (X) of
: a set of results to the true value. Accuracy is assessed
by means of reference samples and percent recoveries.

ANALYTICAL BATCH: The basic unit for analytical quality control is the
analytical batch. The analytical batch is defined as
samples which are analyzed together with the same method
sequence and the same lots of reagents and with the
manipulations common to each sample within the same time
period or in continuous sequential time periods. Samples
in each batch should be of similar composition.

BLANK: A blank is an artificial sample designed to monitor the
introduction of artifacts into the process. For aqueous
samples, reagent water is used as a blank matrix; however,
a universal blank matrix does not exist for solid samples,
and therefore, no matrix is used. The blank is taken
through the appropriate steps of the process.

A reagent blank is an aliquot of analyte-free water or
solvent analyzed with the analytical batch. Field blanks
are aliquots of analyte-free water or solvents brought to
the field in sealed containers and transported back to the
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CALIBRATION
CHECK:

CHECK SAMPLE:

ENVIRONMENTAL
SAMPLE:

laboratory with the sample. containers. Trip blanks and
equipment blanks are two specific types of field blanks.
Trip blanks are not opened in the field. They are a check
on sample contamination originating from sample transport,
shipping and from site conditions. Equipment blanks are
opened in the field and the contents are poured
appropriate]y over or through the sample collection device,
collected in a sample container, and returned to the
laboratory as a sample. Equipment blanks are a check on
sampling device cleanliness.

Verification of the ratio of instrument response to analyte

‘amount, a calibration check, is done by analyzing for

analyte standards in an appropriate solvent. Calibration
check solutions are made from a stock solution which is
different from the stock used to prepare standards.

A blank which has been spiked with the analyte(s) from an
independent source in order to monitor the execution of the
analytical method is called a check sample. The level of
the spike shall be at the regulatory action level when
applicable. Otherwise, the spike shall be at 5 times the
estimate of the quantification 1limit. The matrix used
shall be phase matched with the samples and well
characterized: for an example, reagent grade water is
appropriate for an aqueous sample.

An environmental sample or field sample is a representative
sampie of any material (aqueous, nonaqueous, or multimedia)
collected from any source for which determination of
composition or contamination is requested or required. For

the purposes of this manual, environmental samples shall be
classified as follows:

Surface Water and Ground Water;

.Drinking Water -- de]1vered ‘(treated or untreated) water

designated as potable water;

Water/Wastewater -- raw source waters'for public drinking
water supplies, ground waters, municipal influents/
effluents, and industrial influents/effluents;

Sludge -- municipa] sludges and industrial sludges;

 Waste -- aqueous and nonaqueous 1liquid wastes, chemical

solids, contaminated soils, and 1ndustr1a] 11qu1d and solid
wastes.
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MATRIX/SPIKE-
DUPLICATE '
ANALYSIS:

MQL:

PRECISION:

PQL:

RCRA:

REAGENT GRADE:

REPLICATE SAMPLE:
STANDARD CURVE:

SURROGATE:

In matrix/spike duplicate analysis, predetermined quanti-
ties of stock solutions of certain analytes are added to a
added to a sample matrix prior to sample extraction/
digestion and analysis.. Samples are split into duplicates,
spiked and analyzed. Percent recoveries are calculated for
each of the analytes detected. The relative percent
difference between the samples is calculated and used to
assess analytical precision. The concentration of the
spike should be at the regulatory standard level or the
estimated or actual method quantification limit. When the
concentration of the analyte in the sample is greater than
0.1%, no spike of the analyte is necessary.

The method quantification 1limit (MQL) is the minimum
concentration of a substance that can be measured and
reported.

Precision means the measurement of agreement of a set of
replicate results among themselves without assumption of
any prior information as to the true result. Precision is
assessed by means of duplicate/replicate sample analysis.

The practical quantitation limit (PQL) is the lowest level
that can be reliably achieved within specified limits of

precision and accuracy during routine laboratory operating
conditions.

The Resource Conservation and Recovery Act.

Analytical reagent (AR) grade, ACS reagent grade, and
reagent grade are synonomous terms for reagents which
conform to the current specifications of the Committee on
Analytical Reagents of the American Chemical Society.

‘A replicate sample is a sample prepared by dividing a

sample into two or more separate aliquots. Duplicate
samples are considered to be two replicates.

A standard curve is a curve which plots concentrations of
known analyte standard versus the instrument response to
the analyte.

Surrogates are organic compounds which are similar to
analytes of interest 1in chemical composition, extraction,
and chromatography, -but which are not normally found in
environmental samples. These compounds are spiked into all
blanks, standards, samples and spiked samples prior to
analysis. Percent recoveries are calculated for each
surrogate.
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WATER: = - Reagent, analyté-free, or laboratory pure water means
- distilled or deionized water or Type II reagent water which
is free of contaminants that may interfere with the

analytical test in question.

1.2 QUALITY CONTROL

The procedures indicated below are to be performed for all analyses.
Specific fnstructions relevant to particular analyses are given in the
pertinent analytical procedures.

1.2.1 Field Quality Control

The sampling component of the Qua11ty Assurance PrOJect Plan (QAPP) shall
include:

Reference to or 1incorporation of accepted .sampling techniques in the
sampling plan; » . «

Procedures for documenting and justifying any field actions contrary to
the QAPP;

Documentation of all ‘pre-field activities such as equipment check-out,
calibrations, and container storage and preparat1on .

Documentation of field measurement quality control data (quality control
procedures for such measurements shall be equivalent to corresponding
laboratory QC procedures); S : .
Documentation of field activities;

Documentation of post-field activities ‘including sample shipment and
receipt, field team de-briefing and equipment check-in; -

Generation. of quality control samples including duplicate samples, field
blanks, equipment blanks, and trip blanks; and

The use of these samples in the context of data evaluation, with details
of the methods employed (including statistical methods) and of the
criteria upon which the information generated will be judged.

1.2.2 Analytical Quality Control

A quality control operation or component is only wuseful if it can be
measured or - documented. The following components of analytical quality
control are related to the analytical batch. The procedures described are
intended to be applied to chemical analytical procedures; although the
principles are applicable to radio-chemical or biological analysis, the
procedures may not be directly applicable to such techniques.
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A1l quality control data and records required by this section shall be
retained by the laboratory and shall be made available to the data requestor
as appropriate. The frequencies of these procedures shall be as stated below
or at least once with each analytical batch.

1.2.2.1 Spikes, Blanks and Duplicates

General Requirements

These procedures shall be performed at Tleast once with each analytical
batch with a minimum of once per twenty samples.

1.2.2.1.1 Duplicate Spike

A split/spiked field sample shall be analyzed with every analytical batch
or once in twenty samples, whichever is the greater frequency. Analytes
stipulated by the analytical method, by applicable regulations, or by other
specific requirements must be spiked into the sample. Selection of the sample
to be spiked and/or split depends on the information required and the variety
of conditions within a typical matrix. In some situations, requirements of
the site being sampled may dictate that the sampling team select a sample to
be spiked and split based on a pre-visit evaluation or the on-site inspection.
This does not preclude the laboratory's spiking a sample of its own selection
as well., In other situations the Tlaboratory may select the appropriate
sample. The laboratory's selection should be guided by the objective of
spiking, which is to determine the extent of matrix bias or interference on
analyte recovery and sample-to-sample precision. For soil/sediment samples,
spiking is performed at approximately 3 ppm and, therefore, compounds in
excess of this concentration in the sample may cause interferences for the
determination of the spiked analytes.

1.2.2.1.2 Blanks

Each batch shall be accompanied by a reagent blank. The reagent blank
shall be carried through the entire analytical procedure.

1.2.2.1.3 Field Samples/Surrogate Compounds

Every blank, standard, and environmental sample (including matrix
spike/matrix duplicate samples) shall be spiked with surrogate compounds prior
to purging or extraction. Surrogates shall be spiked into samples according
to the appropriate analytical methods. Surrogate spike recoveries shall fall
within the control limits set by the laboratory (in accordance with procedures
specified in the method or within +20%) for samples falling within the
quantification 1imits without dilution, Dilution of samples to bring the
analyte concentration into the 1linear range of calibration may dilute the
surrogates below the quantification 1limit; evaluation of analytical quality
then will rely on the quality control embodied in the check, spiked and
duplicate spiked samples.
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1.2.2.1.4 Check Sample

Each analytical batch shall contain a check sample. The analytes
employed shall be a representative subset of the anaiytes to be determined.
The concentrations of these analytes shall approach the estimated
quantification 1imit in the matrix of the check sample. In particular, check
samples for metallic analytes shall be matched to field samples in phase and
in general matrix composition.

1.2.2.2 Clean-Ups

Quality control procedures described here are intended for adsorbent
chromatography and back extractions applied to organic extracts. All batches
of adsorbents (Florisil, alumina, silica gel, etc.) prepared for use shall be
checked for analyte recovery by running the elution pattern with standards as
a column check. The elution pattern shall be optimized for maximum recovery
of analytes and maximum rejection of contaminants.

1.2.2.2.1 Column Check Sample

The elution pattern shall be reconfirmed with a column check of standard
compounds after activating or deactivating a batch of adsorbent. These
compounds shall be representative of each elution fraction. Recovery as
specified in the methods is considered an acceptable column check. A result
lower than specified indicates that the procedure 1is not acceptable or has
been misapplied.

1.2.2.2.2 Column Check Sample Blank

The check blank shall be run after activating or deactivating a batch of
adsorbent.

1.2.2.3 Determinations

1.2.2.3.1 Instrument Adjustment: Tuning, Alignment, etc.

Requirements and procedures are instrument- and method-specific.
Analytical instrumentation shall be tuned and aligned 1in accordance with
requirements which are specific to -the instrumentation procedures employed.
Individual determinative procedures shall be consulted. Criteria for initial
conditions and for continuing confirmation conditions for methods within this
manual are found in the appropriate procedures.

1.2.2.3.2 Calibration

Analytical instrumentation shall be calibrated in accordance with
requirements which are specific to the -instrumentation and procedures
employed. Introductory Methods 7000 and 8000 and appropriate analytical

procedures shall be consulted for criteria for initial and continuing
calibration. :
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1.2.2.3.3 Additional QC Requirements for Inorganic Analysis

Standard curves used in the determination of inorganic analytes shall be
prepared as follows: ‘

Standard curves derived from data consisting of one reagent blank and
four concentrations shall be prepared for each analyte. The response for each
prepared standard shall be based upon the average of three replicate readings
of each standard. The standard curve shall be used with each subsequent
analysis provided that the standard curve 1is verified by using at least one
reagent blank and one standard at a level normally encountered or expected in
such samples. The response for each standard shall be based upon the average
of three replicate readings of the standard. If the results of the
verification are not within +10% of the original curve, a new standard shall
be prepared and analyzed. If the results of the second verification are not
within +10% of the original standard curve, a reference standard should be
employed to determine if the discrepancy is with the standard or with the
instrument. New standards should also be prepared on a quarterly basis at a
minimum. All data used in drawing or describing the curve shall be so
indicated on the curve or its description. A record shall be made of the
verification.

Standard deviations and relative standard deviations shall be calculated
for the percent recovery of analytes from the spiked sample duplicates and

from the check samples. These values shall be established for the twenty most
recent determinations in each category.

1.2.2.3.4 Additional Quality Control Requirements for
Organic Analysis

The following requirements shall be applied to the analysis of samples by

gas chromatography, 1liquid chromatography and gas chromatography/mass
spectrometry.

The calibration of each instrument shall be verified at frequencies

specified in the methods. A new standard curve must be prepared as specified
in the methods.

The tune of each GC/MS system used for the determination of organic
analytes shall be checked with 4-bromofluorobenzene (BFB) for determinations
of volatiles and with decafluorotriphenylphosphine (DFTPP) for determinations
of semi-volatiles. The required ion abundance criteria shall be met before
determination of any analytes. If the system does not meet the required
specification for one or more of the required ions, the instrument must be
retuned and rechecked before proceeding with sample analysis. The tune
performance check criteria must be achieved daily or for each 12 hour
operating period, whichever is more frequent.

Background subtraction should be straightforward and designed only to
eliminate column bleed or instrument background ions. Background subtraction
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actions resulting in spectral distortions for the sole purpbse of meeting
special requirements are contrary to the objectives of Quality Assurance and
are unacceptable.

For determinations by HPLC or GC, the instrument calibration shall be
verified as specified in the methods.

1.2.2.3.5 Identification

Identification of all analytes must be accomplished with an authentic
standard of the analyte. When authentic standards are not available,
identification is tentat1ve

For gas chromatographic determinations of spec1f1c analytes, the relative
retention time of the unknown must be compared with that of an authentic
standard. For compound confirmation, a sample and standard shall be re-
analyzed on a column of different selectivity to obtain a second
characteristic relative retention time. Peaks must elute within daily
retention time windows to be declared a tentative or confirmed identification.

For gas chromatographic/mass spectrometric determinations of specific
analytes, the spectrum of the analyte should conform to a Tliterature
representation of the spectrum or to a spectrum of the authentic standard
obtained after satisfactory tuning of the mass spectrometer and within the
same twelve-hour working shift as the analytical spectrum. The appropriate
analytical methods should be consulted for specific criteria for matching the

mass spectra, relative response factors, and relative retention times to those
of authentic standards.

1.2.2.3.6 Quantification

The procedures for quantification of analytes are discussed in the

appropriate general procedures (7000, 8000) and the specific analytical
methods.

In some s1tuat1ons in the course of determining metal analytes, matrix-
.matched calibration standards may be required. These  standards shall be
composed of the pure reagent, approximation of the matrix, and reagent

addition of major interferents in the samples. This will be stipulated in the
procedures. o

Estimation of the concentration of an organic compound not contained
within the calibration standard may be accomplished by comparing mass spectral

response of the compound with that of an internal standard. The procedure is
specified in the methods.
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1.3 DETECTION LIMIT AND QUANTIFICATION LIMIT

The detection 1limit and quantification 1limit of analytes shall be
evaluated by determining the noise level of response for each sample in the
batch. If analyte is present, the noise level adjacent in retention time to
the analyte peak may be wused. For wave-length dispersive instrumentation,
multiple determinations of digestates with no detectable analyte may be used
to establish the noise level. The method of standard additions should then be
used to determine the calibration curve using one digestate or extracted
sample in which the analyte was not detected. The slope of the calibration
curve, m, should be calculated using the following relations:

m = slope of calibration line

SB = standard deviation of the average noise level
MDL = KSg/m

For K = 3; MDL = method detection limit.

For K = 5; MQL = method quantitation limit.

1.4 DATA REPORTING

The requirement of reporting analytical results on a wet-weight or a dry-
weight basis is dictated by factors such as: sample matrix; program or
regulatory requirement; and objectives of the analysis. '

Analytical results shall be reported with the percent moisture or percent
solid content of the sample.

1.5 QUALITY CONTROL DOCUMENTATION

The following sections 1list the QC documentation which comprises the
complete analytical package. This package should be obtained from the data
generator upon request. These forms, or adaptations of these forms, shall be
used by the data generator/reportor for inorganics (I), or for organics (0) or
both (I/0) types of determinations.

1.5.1 Analytical Results (I/0: Form I)

Analyte concentration.
Sample weight.
Percent water (for non-aqueous samples when specified).
Final volume of extract or diluted sample.
Holding times (I: Form X).
ONE — 15
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1.5.2 Calibration (I: Form II; 0: Form V, VI, VII, IX)

Calibration curve or coefficients of the 1linear equation which
describes the calibration curve.

Correlation coefficient of the 11near ca]ibration.
Concentration/response data (or re]ative response data) of the
calibration check standards, along. with dates on which they were
analytically determined. -

1.5.3 Column Check (0: Form X)

Results of column chromatography check, with the chromatogram.

1.5.4 Extraction/Digestion (I/0: Form‘I)

Date of the extraction for each sample.
1.5.5 Surrogate (0: Form II)
Amount of surrogate spiked, and percent recovery of each surrogate.

1.5.6 Matrix/Duplicate Spikes (I: Form V, VI; O: Form III)

Amount spiked, percent recovery, and relative percent difference for
each compound in the spiked samples for the analytical batch.

1.5.7 Check Sample (I: Form VII; 0: Form VIII)

Amount spiked, and percent recovery of each compound spiked.
1.5.8 Blank (I: Form III; 0: Form IV)
Identity and amount of each constituent.

1.5.9 Chromatograms (for organic analysis)

A1l chromatograms for reported results, properly labeled with:
- Sample identification |
- Method identification

- Identification of retention time of ana]yte on the chromatograms.
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1.5.10 Quantitative Chromatogram Report (0: Forms VIII, IX, X)

Retention time of analyte.

Amount injected.

Area of appropriate calculation of detection response.
Amount of analyte found.

Date and time of injection.

1.5.11 Mass Spectrum

Spectra of standards generated from authentic standards (one for
each report for each compound detected).

Spectra of analytes from actual analyses.
Spectrometer identifier.

1.5.12 Metal Interference Check Sample Results (I: Form IV)

1.5.13 Detection Limit (I: Form VII; O: Form I)

Analyte detection limits with methods of estimation.

1.5.14 Results of Standard Additions (I: Form VIII)

1.5.15 Results of Serial Dilutions (I: Form IX)

1.5.16 Instrument Detection Limits (I: Form XI)

1.5.17 ICP Interelement Correction Factors and ICP Linear Ranges
(when applicable) (I: Form XII, Form XIII).

1.6 REFERENCES

1. Guidelines and Specifications for Preparing Quality Assurance Program
Plans, September 20, 1980, Office of Monitoring Systems and Quality Assurance,
ORD, U.S. EPA, QAMS-004/80, Washington, DC 20460.

2. Interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans, December 29, 1980, Office of Monitoring Systems and Quality
Assurance, ORD, U.S. EPA, QAMS-005/80, Washington, DC 20460.

ONE - 17
Revision 0
Date September 1986




Date

COVER PACGE
‘ INORGAKIC ANALYSES DATA PACHACE
Lab Name Cas¢ ho.

LU Q.C. Report ho.

: Sample Numbers
EPA lo. ' ’ Lab ID No. EPA ho. Lab Ib No.
Comments:
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LAB NAME

Form 1

| Sarple No.

Date

INORGANIC ANALYSIS DATA SHLEY

LAb SAMPLE 1. NO.

CASE NO.

Lab Receipt Date
QC REPORT NO.

Elements ldentified and Measured

Matrix: Water Sgil Sludge Uther
ug/L or my/kg dry weight (Circle One)

l. Aluminum 13. Magnesiuc
Z. Antimonv 14, Maﬁganese
3. Arsenic 15. HerCUrj
4. Bariurm 16. Nickgl
5. Beryllium 17. Potéssium
6. Cadmium lb, Selenium
7. Calcium 19. .Silver
8. Chromium ZQ. Sédium
9. Cobalt 21. Thallium
1U. Copper 22. Vanadium
11. Iron 23. Zinc
12. Lead Precent Solids (&)
Cyanide
Comments:

Lab Manager
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Form 11

Q. C. Report No.

INITIAL AND CONTINUING CALIBRATION VERIFL1CATIUN

LAB NAME CASE NO.
DATE UNITS: ug/L
Compound Initial Calib.! Continuing;Calibrat'ion2
Metals: True Value| Found | %R Irue Value| Found Zﬁ_ Found | %k Method“ﬁ
. Aluminum
Z. Antimony
3. Arsenic
4. Barium
5. Beryll;um
5. Cadmium
7. 'Calciun
8. Chromium
Y. Cobalt
1U. Copper
Il. Iron
12. Llead
13. Magnesium
14. Mangénese
15. Hercury
lo. Nickel | i
17. .Potassium. |
16. Selenium ] l !
1y, Silver | | [l 1
20. Sodium | i | f | 1
Zl. Thallium | I | i I L l 1
22. Vanadium | | | L] [ 1l 1
23. Zinc | | ] | P i, 1 1
uther: | | | , | l, [ 1
| 1 | {1 1
Cyanice I | | 1 fl 1

} lnitial Calibration Source

4 Indicate Analytical Method Used:

2 Continuing Calibration Source

ONE - 20
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Form I11
Q. C. Report No.

BLANKS
LAB NAME CASE NO.
DATE UNITS
Initial Continuing Calibration ] Preparation Blan}
Calibration Blank Value Matrix: |Matrix:
Compound Blank Value 1 2 3 4
1 2

Metals:

l. Aluminum

2. Antimony

3. Arsenic

4, Bariunm

5. Beryllium

6. Cadreium

7. Calcium

8. Chromium
9. Cobalt
10. Copper

11. Iron
12. Lead

13. Magnesium

14, Manganese

15. Mercury
16. Nickel

17. Potassium

18. Selenium

1y, Silver

ZU. Sodium
21. Thallium

22. Vanadium

23. Zinc

Uther:

Cyanide
I Reporting Units: aqueous, ug/L; solid my/kg
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Form 1V
Q. C. Report No.
ICP INTERFERENCL CHECK SAMPLE
LAB NAME CASE NMNO.

Check Sample 1.D.
DATE Check Sample Source

—————————

Units: ug/L

- - - .- Amass e - - - w-

Control Limits! ‘ Initial Final
Compound Mean Std. Dev. True? Obscrved Obscrved %R

—

P
0

s wErwi w v -m

Metals:

1. Aluminum

2. Antimony

3. Arsenic

4, Bariuom

5. beryllium

6. Cadmium

7. Calcium

8. Chromiunm

9. Cobalt

10. Copper

11. Iron

12. Lead

13. Magnesium

14, Manganese

15. Mercury
16. Nickel

17. Potassium

18, Selenium

9. Silver
20. Sodium J
|
I

21. Thallium |

22. Vanadium

23, Zinc

Uther:

1 Mcan value based onn = .

2 True value of EPA ICP Interference Check Sample or contractor standard.
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Form V

Q. C. Report No.

SPIKE SAMPLE RECOVERY

LAB NAME CASE NO.
Sample No.
DATE Lab Sanmple ID No.
Units
Matrix

Control Limit | Spiked Sample Sample Spiked
Compound %R Result (SSR) Result (SR) | Added (sa) | zr!
Metals:

l. Aluminum

2. Antimonv

3. Arsenic

4, Barium

5. Beryllium

6. Cadmiuc

7. Calcium

8. Chromiunm

9. Cobalt

10. Copper

l1l. Iron

12. Lead

13. Magnesium

14, Manganese

15. Mercury

16. Nickel

17. Potassium

18. Selenium

19. Silver

20. Sodium

2l. Thalliurm

22, Vanadium

23. Zinc

Other:

Cyanide

I %R = {(SSR - SK)/SA) x 100

"N"- out of control

‘NR' - Not required

Comments:
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Form VI
Q. C. Report No.

DUPLICATES
LAB NAME . CASE NO.
Saaple No.
DATE , Lab Sample ID No.
Units
Matrix
Compound Control Limit! Sample(S) Duplicate(D) RPD2
Metals:
1. Aluminum

2. Antimony

3. Arsenic

4, Barjum
5. Berylliuro
6. Cadmium

7. Calcium

8. Chrormiuc

9. Cobalt

10. Copper

" 11. Iron
12. Lead

13. Magnesium

14. Manganese
15, Mefcugy
16. Nickel

17. Potassium

18. Seleniuo

‘19. Silver
20. Sodium

21. Thallium

"22. Vanadium

23. Z2inc

Other:

~wCyanide

* Out of Control |
! To be added at a later date. _ 2 RpD = [|S = D[/((S + D)/2)] x 100
NC - Non calculable KPD due to value(s) less than CROL
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LAB NAML

Form VII

Q.C. Report No.
INSTRUMENT DETECTION LIMITS AKD
LABORATORY CONTROL SAMPLE

CASE NO.

DATL

LCS 1O,

Comgound

Required Detection

Instrument Detection

Limits (CRDL)-ug/l

Limits (IDL)-ug/l"

ICP/AA Furnace

10# 1D#

Lab Control Sample
ug/L og/kg
(circle one)

Found R

True

lletals:
l. Aluminum

2. Ahtimony

3. Arsenic

4. Barium

5. Beryllium

6. Cadnmiunm

7. Calciup

8. Chromium

©. Cobalt

10. Copper

1l. Iron

12. Lead

13. Magnesium

14. Hagggnese

15. Hercury

16. Nickel

17. Potassium

18. Selenium

19. Silver

200 Sodium

21, Thallium

22. Vanadium

23. Zinc

Other:

Cyanide

NR IK

KK = Lot required
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LAB NAME

Q.C.

Form VII1

Report No.

. STANDARD ADDITION KRESULTS

CASE NO.
DATE UNLTS & ug/L
LPA U ADD 1 ADD 2 ADD 3 ADY
Sample #|tlement }JMatrix | ABS. | CON.[ABSZ | CON.]ABS.Z | CUN.JAEs.?

= ww e -

FY YRR O o

pr=r . stcum

FINAL
Con. 3

kP wesw

. .-_E-r-—_

TX

——

< Cuh is the concentration added, ABS.
concentration.

J Concentration as determined by MSA
*“r" is the correlation covfticient. . .
+ - correlation coefficient is outside of control window of U.YY5,
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Form IX
Q. C. Report No.
ICP SERIAL DILUTIONS

LAB NAME CASE NO.
Sample No.
DATE Lab Sample 1D No,

Units: ug/L

Matrix
Compound Initial Sémple Serial Dilution® % Difference2
Concentration(l) Result($)
Metals:

l. Alupinun

2. Antimony

3. Arsenic

4, bariunm

5. Bervlliuc
(o)

Cadmium

/. Calcium

. Chromiun

Y. Cobalt

10. Copper

1}. Iron

12. Lead

13. Magnesium

l4. Manganese

15. Nickel

16, Potassiun

17. Seleniur

1. Silver

1Y. Sodiun

20. Thallium

¢l. Vanadium

22. Zinc

Uther:

} Liluted sample concentration corrected for 1:4 dilution (see Exhibit D)
Z percent Lifference = |1 =S| x 1uu
l

NR - Mot Kequired, initial sample concentration less than lU times IUL
NA - Not Applicable, analyte not determined by ICP

ONE - 27
Revision

0
Date September 1986




Form X
QC Report No.

————————ri

HOLDING TIMES

LAB NAME
DATE CASE Nu.
LPA Date Mercury Mercury CN Prep CN
Sample No.| Matrix Prep Date |Holding Tioe ! Date |Holding Tioel

Keceived

(Days)

(Days)

lholding time is detined as number of days between the date received and the
sample preparation date.

ONE - 28

Revision

0

Date September 1986




Form XI
INSTRUMENT DETECTION LIMITS

LAB NAME DATE
ICP/Flame AA (Circle One) Model Number Furnace AA Number
T | |
Element Wavelength IDL Element Wavelength IbL !
(nm) {ug/L) (no) (ug/L) ;
l. Aluminug 13, Magnesium i
2. Antimony l4. Manganese ;
3. Arsenic 15, Mercury |
4. Barium : [[16. Nickel ; {
-i 5. Beryllium l17. Potassium‘ :
=‘0. Cadoiup | : 18. Selenium i
| 7. Calcium | | 19. Silver f |
8. Chromium' 20. Sodium |
Y. Cobalt 2l. Thallium | ’
1U. Copper 22. Vanadium (
11. Iron | | 23. Zinc |
12. Lead

Footnotes: e Indicate the instrument for which the IDL applies with a "P” (for ICP
an "A" (for Flame AA), or an "F" (for Furnace AA) behind the IUL valu

e Indicate elements commonly run with background correction (AA) with
a "B” behind the analytical wavelength.

e If more than one ICP/Flame or Furnace AA is used, submit separate
Forms XI-X1II for each instrument.

CUMMENTS @

Lab Manager
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LABORATORY
DATE

ICP Interelement Correction Factors

Form XII

ICP Model Number

lnterelement Correction Factors

for

Analyte

Analyte
Wavelength

(nc)

Al Ca Fe Mg

|

10.
11.
12,
13.
14,
15.

16.
17.
18,

17.

COMMENTS:

Antimonv

Arsenic

Bariuc

Bervlliuz

Cadoiur

Chrociurz

Cobalt

Copper

Lead

Manganese

Mercurv

Nickel

Potassiur

Seleniur

Silver

Sodium

Thallium

Vanadium

Zinc

Lab Manager
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Form XI11

ICP Interelement Correction Factors

LAKORATORY ICP Model Number

DATE

Interelement Correction Factors
for

Analyte
Analyte Wavelength
(no)

l. Antimonv

2. Arsenic

3. Bariuc

4. Berylliuc

5. Cadmium

6. Chromium

7. Cobalt

8. Copper

9. Lead

10. Manganese

1. Mercury

12. Nickel

13. Potassium

14, Selenium

15. Silver

16. Sodium

17. Thallium

l18. Vanadium

19. Zinc l l l I l l

COMMENTS :

Lab Manager
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Form XIII
ICP Linear Ranges

LAB NAME ' ICP Model Number
DATE
| Integration Concen-~ Integration Concen- |
Analyte Time tration Analyte Time tration |
(Seconds) (ug/L) (Seconds) (ug/L) l
l. Aluminum 13. Magnesiuo ‘
2. Antimony ' 14, Manganese {
3. Arsenic : 15. Mercury ;
4. Bariunm 16. Nickel -{
5. Berylliuc 17. Potassium! AJ
6. Cadmium | . : 18; Seleniun j | ;
7. Calcium 19, Silver ' }
8. Chromiunm ' ' 20. Sodium
9. Cobalt ' 21. Thalliur
10, Coppér 22. Vanadiur
11. Iron ' 23, Zinc 1
12, lead 1
Footnotes: . e Indicate elements not analyzed by ICP with the notation "NA".
COMMENTS:

Lab Manager
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Laboratory Name:

Organics Analysis Data Sheet Sample Number

{Page 1)

Case No:

Lab Sample 1D N

QC Report No:

Sampie Matrix

Data Release Authorized By

Date Sample Received:

Volatile Compounds

Date Extracted/Prepared:
Date Analyzed:

Conc/Dit Factor: pH
- Percent Moisture: (Not Decanted)
CAs ug/lorug/Kg CAS ug/torug/Kg
Number {Circle One) Number \ (Circle One)
74-87-3 Chloromethane 78-87-5 1, 2-Dichloropropane
74-83-8 Bromomethane 10061-02-6 | Trans-1, 3-Dichloropropene
75-01-4 Vinyl Cnloride 79-01-6 Trichloroethene
75-00-3 Chioroethane 124.48-1 Dibromochioromethane
75-09-2 Methylene Chioride 79-00-5 1.1, 2.Trichloroethane
67-64-1 Acetone 71-43-2 Benzene
75-15-0 Carbon Disulfide 10061-01-5 [ cis-1, 3-Dichloropropene
75-35-4 1, 1-Dichloroethene 110-75-8 2-Chioroethylvinylether
75-34-3 1. 1-Dichloroethane 75-25-2 Bromoform
156-60-5 Trans-1, 2-Dichloroethene 108-10-1 4-Methyl-2-Pentanone
67-66-3 Chioroform 591-78-6 2-Hexanone
107-06-2 1, 2-Dichloroethane 127-18-4 Tetrachloroethene
78-93-3 2-8utanone 79-34-5 1.1, 2, 2-Tetrachloroethane
71.565.6 1. 1. 1-Trichioroethane 108-88-3 Toluene
56-23-5 Carbon Tetrachloride 108-90-7 - | Chlorobenzene
108-05-4 Vinyl Acetate 100-41-4 Ethylbenzene
75-27-4 Bromodichloromethane 100-42-5 Styrene
Total Xylenes
Data Reporting Qualitiers
For reporting results to EPA, the following results quslifiers are used.
Additional flags or footnotes explaining resulls are encoursged However, the
definition of each flag must be explicit. -
Value it the result 15 8 value greater than or equal 1o the detection hmat, c Trus fiag applies to pesticide paraineters where the ident:ication nas
report the value been confinned by GC/MS  Single component pesticides 210
ng ‘ul in the 1inal extract should be confinned by GC MS
v Indicates compound was analyzed for but not detected Report the
mininum deteciion imit for the sample with the U {e.g.. 10U) based 8 This t12g 18 used when the analyte s found in the blank as well as a
on necessary concentration ‘dilytion action (This 15 Not necessarity sample It indicates possibie- probabie blank conta:minanion and
the nstrurnent detection limit) The footnote should read U- warns the data user 1o (ake appropriate act:on
Cornpound was analyzed for but not detecied The number s the
ininumum attanable detection hinit for the sample Other  Otnher specitic fiags and footnotes may be required to properly detine
the results If used. they must be fully described and such description
J Indicates an esumated value Tris flag 15 used either when attached to the data summary report

estunating a concentration for tentatively idenufied compounds
where a 1 | response is assumed or when the mass speclial data
indicated the presence of 8 compound that meeis the woentfication
critenid but the result is less than the rpecihied detection limit but
preater than zero (e.g . 10J) it limit of detection 1s 10 ug‘l and &
concentration of 3 ug 115 calculaled. report as 3J.

Form |
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Laboratory Name:

Case No: __ _. _ _:

Date Exiracted/Prepared:
Date Analyzed:
Conc/Dil Factor:

Percent Moisture (Decanted)

Organics Analysis Data Sheet

(Page

. Semivolatile Compounds

2)

Sample Number

GPC Cleanup OYes ONo
Separatory Funnel Extraction QOYes

Continuous Liguid - Liquid Extra;tion OvYes

CAS ug/iorug/Kg CAS ug/lorug/Kg
Number (Circle One) Number {Circle One
108-95.2 Phenol 83-32-9 Acenaphthene

111-44-4 bis{-2-Chloroethyl)Ether 51.28-5 2, 4-Dinitrophenol

95.57-8 2-Chlorophenol 100-02-7 4-Nitrophenol

541.73-1 1, 3-Dichlorobenzene 132-64-9 Dibenzofuran

106-46-7 1, 4-Dichlorobenzene 121-14-2 2, 4-Dinitrotoluene
100-51-6 Benzyl Alcoho! 606-20-2 2, 6-Dinitrotoluene

95.50-1 1, 2-Dichlorobenzene 84-66-2 Diethylphthalate

95-48.7 2-Methylpheno! 7005-72-3 4-Chiorophenyl-phenylether
39638.32-9 |bis{2-chioroisopropy!iEther 86-73-7 Fluorene

106-44.5 4-Methylpheno! 100-01-6 4-Nitroaniline

621-64-7 N-Nitroso-Di-n-Propylamine 534-52-1 4,6-Dinitro-2-Methyiphenol
67-721 Hexachloroethane 86-30-6 N-Nitrosodiphenylamine (1)
98.95-3 Nitrobenzene 101-55-3 4-Bromophenyl-phenylether
78-59-1 Isophorone 118-74-1 Hexachlorobenzene
88-75-5 2-Nitropheno! 87-86-5 Pentachloropheno!
105-67-9 2, 4-Dimethylphenol 85-01-8 Phenanihrene

65-85-0 Benzoic Acid 120-12-7 Anthracene

111-91-1 bis(-2-Chloroethoxy)Methane " |84-74-2 Di-n-Butylphthalate
120-83-2 2. 4-Dichlorophenol 206-44-0 Fluoranthene

120-82-1 1, 2, 4-Trichiorobenzene 129-00-0 Pyrene

91-20-3 Naphthalene j85-68-7 Butylbenzylphthalate
106-47-8 4.Chloroaniline 1-94-1 3. 3'-Dichlorobenzidine
87-68-3 Hexachlorobutadiene 'I56-55-3 Benzo{a)Anthracene
$9-50-7 4-Chioro-3-Methylphenol 117-81-7 bis(2-Ethylhexyl)Phthalate
91.57-6 2-Methylnaphthalene 218-01-9 Chrysene

77-47-4 Hexachlorocyclopentadiene 117-84-0 Di-n-Octy! Phthalate
88-06-2 2, 4, 6-Trichioropheno! 05-99-2 Benzo(b)Fiuoranthene
95-95.4 2, 4, 5-Trichloropheno! 07-08-9 Benzo{k)Fiuoranthene
91.58-7 2-Chioronaphthalene 0-32-8 Benzola)Pyrene

88-74-4 2-Nitroaniline 193-39-5 Indeno(1, 2, 3-cd)Pyrene
131-11-3 Dimethy! Phthalate B3-70-3 Dibenz{a, h)Anthracene
208-96-8 Acenaphthylene 181-24-2 Benzo{g, h, i)Perylene
99.09-2 3-Nitroaniline

{1)}-Cannot be separated from diphenylamine

Form i
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Laboratory Name:

Case No-

Date Extracted/Prepared:

Date Analyzed:

Organics Analysis Data Sheet

(Page 3)

Pesticide/PCBs
GPC Cieanup OYes ONo

Separatory Funnel Extraction OYes

Conc/Dil Factor:

Percent Moisture (decanted)

CAS
Number

ug/lorug/Kg
{Circle One)

Sample Number

319-84-6

Alpha-BHC

319-85-7

Beta-BHC

319-86-8

Delta-BHC

58-89-9

Gamma-BHC (Lindane)

76-44-8

Heptachlor

309-00-2

Aldrin

1024-57-3

Heptachior Epoxide

958-98-8

Endosulfan |

60-57-1

Dieldrin

72-55-9

4,4'-DDE

72-20-8

Endrin

33213-65-9

Endosulfan i

72-54-8

4,4-DDD

1031-07-8

Endosulfan Sulfate

50-29-3

4,4'-DDY

72-43-5

Methoxychlor

53494-70-5

Endrin Ketone

57.74-8

Chlordane

8001-35-2

Toxaphene

12674-11-2

Aroclor-1016

11104-28-2

Aroclor-1221

11141-16-5

Aroclor-1232

53469-21-9

Aroclor-1242

12672-29-6

Aroclor-1248

11097-69-1

Aroclor-1254

11096-82-5

Aroclor-1260

vi

Vs

= Volume of extract injected (ul)

= Volume of water extracted (ml)

Ws = Weight of sample extracted (g)

V, = Volume of total extract (ul)

or W,

A7

Continuous Liquid - Liquid Extraction DYes

P T

t

Form 1
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Laboratory Name:

Sample Number
Case No:

Organics Analysis Data Sheet

CAS ) RT or Scan Estimated
‘Number Compound Name Fraction Number Concentration
. {ug/) or ug/kg)
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WATER SURROGATE PERCENT RECOVERY SUMMARY

Case No. Laboratory Name
Cttaaake VOLATRE === Jm e e mmre e e e e e e - SEMI-VOLATILE — ==~ —— ~ — — —— —— — — —- [.pesTICIOE--
Mot | Toveeeee e B o | scmintios | e | Temet pueno-os | ILNIOT o tsnouo | bt e
) (868-110) (se-118) {re-114) (35~114) (43-110) (33-141) (10-94) (21-100) (0~ 123) (2‘~}|5Q)
VALUES ARE OUTSIDE OF REQUIRED QC LIMITS Volatiles: out of s outside of QC limits
Semi—Volatiles: out of ; outside of QC limits
Pesticides: out of ; outside of QC limits

Comments:

FORM I
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SOIL SURROGATE PERCENT RECOVERY SUMMARY

Case No. Laboratory Name
.......... VOLATILE == — Jom m e o e e e e e e o - — — - SEMI-VOLATILE — -~ ——— = — — — — ~ - ~ — —_ [.pgsTICI0€-]
e | ravos e | rgmme| o, | | e rev-s | TR e o
) (e-117) ‘(r4-121) {ro-129) - (23-120) (30- 116} (18-137) (re-113) (28-121) (18- 122) €20~150)

Volatiles: out of s outside of QC limits

VALUES ARE OUTSIDE R IRED QC LIMITS . . '

, OF REQU act Semi~Volatiles: out of ; outside of QC limits.

Pesticides: out of ; outside of QC limits

Comments:

FORM 1t
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WATER MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Case No. Laboratory Name
CONC. SPIKE | SAMPLE CONC. % CONC. % Qc 1IMITS
FRACTION | COMPOUND ADDED (ua/L) | RESULT ms | Rec | mso | rRec | RPO [FWPD [ RECOVETY
VOA 1,1-Dichloroethene 14 61-14%
Trichloroethene 14 71-12Q
SAMPLE NO. Chlorobenrene 13 75-130
Toluene 13 76-12%
Benzene 11 16-127
1.2.4-Trichloropenzene l 28 39.98
B/N Acenanhthene 31 46-118
| 2.4 Diniwrotoluene 38 24-96__
SAMPLE NO.| Di-n-Butylphthalate 40 11117
Pyrene 31 26-127
N-Nitroso-Di-n-Propylamind 38 41-116
1,4-Dichlorobenzene 28 36-97
Pentachlorophenol 50 9-103
ACID Phenol 42 12-89
2-Chlorophenol 40 27123
SAMPLE NO.
4.Chloro-3-Methy Iphenol 42 23.97
4-Nitrophenol 50 10-80
Lindane 15 56-123
PEST Heptachlor 20 40-131
Aldrin 22 40-120
SAMPLE NO. [~5iior 18| 52.126
Endrin 21 56-121
4.4°DDT 27 38-127
ADVISORY LIMITS
RPD: VOAs out of outside QC limits RECOVERY: VOAs out of outside QC limits
B/N ____ out of ; outside QC limits B/N out of ; outside QC limits
ACID out of outside QC limits ACID outof ___; outside QC limits
PEST out of outside QC limits PEST outof - outside QC limits
Comments:

FORM I
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SOIL MATRIX SPIKE /MATRIX SPIKE DUPLICATE RECOVERY

Case No. Laboratory Name
‘ CONC. SPIKE SI-\—MF‘LE CONC. % CONC. % Qc LI |
FRACTION | COMPOUND ADDED (ug/Kq) | RESULT we | oaic | “oss | rec | RPO et RS ey
VOA 1,1-Dicholorethene . 22 69-172
Trichloroethene - 24 82-137
SAMPLE NO. | Chlorobenzene ‘ ] - 21 60-133
Toluene . . : 21 59-139 ,
Benzene i Al 66-142
1,2,4-Trichlorobenzene _; . ] 23 38-107
B/N | Acenaphthene ’ ) : ] 19 31137
: ’ 2.4 Dinitrotoluene 47 28-89
SAMPLE NO.| Di-n-Butylphthalate 47 29-135
‘ Pyrene 36 35-142
N-Nitrosodi-n-Propylamine 38 41126
1,4-Dichlorobenzene . 27 28-104
. Pentachiorophenot 47 17-109
ACID Phenol ’ : 35 26-90
2-Chlorophenol : 50 25-102
SAMP NO.
AMPLE NO 4-Chioro-3-Methyiphenol 33 26-103
4-Nitrophenol . i . 50 11114
Lindane ) . 50 46-127
PEST Heptachlor 31 | 35130
Aldrin . : 43 34-132
SAMPLE NO. "picigrin ) 38 | 31134
Endrin . 45 42.139
44°.0DT o . 50 | 23134
ADVISORY LIMITS
RPD: VOAs out of : outside QC limits =~ . ’ RECOVERY: VOAs outof - ;  outside QC limits
B/N___'_ out of _ : outside QC limits . B/N out of : outside OC limits
ACID out of : outside QC limits ) ACID outof ___; outside OC limits
PEST — out of outside QC limits - PEST outof ___; outside QC limits
Comments: i )

FORM it
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METHOD BLANK SUMMARY

Laboratory Name

Case No.

uNITS

CROL

FLE 10

OATE OF leaaction] mMATRIX

CONC.
LEVEL

INST, 10

CAS NUMBER

COMPOUND (MSL.,TIC OR UNKNOWN)

CONC.

ANALYSIS

Cqmments:

FORM IV




Case No. Laboratory Name

Instrument 1D . Date

GC/MS TUNING AND MASS' CALIBRATION
Bromofluorobenzene (BFB)

Time

Data Release Authorized By:

mle ION ABUNDANCE CRITERIA %RELATIVE ABUNDANCE

50 15.0 - 40.0% of the base pea.k

75 30.0 - 60.0% of the base peak

95 Base peak, 100% relative abundance

96 5.0 - 9.0% of the base peak

173 Less than 1.0% of the base peak

174 Greater than 50.0% of the base peak

175 5.0 - 9.0% of mass 174 ( ) 1
176 Greater than 95.0%, but less than 101.0% of mass 174 ( ) 1
177 | 5.0 - 9.0% of mass 176 ) 2

THIS PERFORMANCE TUNE APPLIES TO THE FOLLOWING
SAMPLES, BLANKS AND STANDARDS.

1Value in parenthesis is % mass 174,

Value in parenthesis is % mass 17§,

SAMPLE 1D LAB ID

DATE OF ANALYSIS | TIME OF ANALYSIS

FORM V

ONE - 42

Revision 0
Date September 1986




GC/MS TUNING AND MASS CALIBRATION
Decafluorotriphenyiphosphine (DFTPP)
Case No. Laboratory Name

Instrument ID _____ Date Time

Data Release Authorized By:

m/e ION ABUNDANCE CRITERIA %RELATIVE ABUNDANCE
51 30.0 - 60.0% of mass 198

68 less than 2.0% of mass ( )1
69 mass 69 relative sbundance
70 less than 2.0% of mass 69 ¢ )

127 40.0 . 60.0% of mass 198

197 less than 1.0% of mass 188

198 base peak, 100% relative abundance

199 5.0 - 9.0% of mass 198

275 10.0 - 30.0% of mass 198

365 greater than 1,00% of mass 198

44 present, but less than mass 443

442 greater than 40.0% of mass 198

483 | 17.0 . 23.0% of mass 442 ( )2
THIS PERFORMANCE TUNE APPLIES TO THE FOLLOWING 1Value in parenthesis is % mass 69.
SAMPLES, BLANKS AND STANDARDS. Zyatge in parenthesis is % mass 442,
SAMPLE 1D LAB ID DATE OF ANALYSIS TIME OF ANALYSIS
FORM V
ONE - 43
Revision 0

Date September 1986




Initial Calibration Data
Volatile HSL Compounds

Case No: instrument | D:
Laboratory Name Calibration Date:

Minimum RF for SPCCis 0.300  Maximum % RSD for CCC is 30%
{0.25 for Bromoform)

Laboratory 1D

_ ccce.
Compound’ RFaq RFgo RFy00 RFyg0 RF200 RF % RSD | SPCCe.

Chioromethane s .

B8romomethane

Vinyl Chloride : .

Chloroethane

Methylene Chioride

Acetone

Carbon Disulfide

1. 1-Bichloroethene ] *

1, 1-Dichloroethane o

Trans-1, 2-Dichioroethene

Chloroform .

1. 2-Dichloroethane
2-Butanone

1. 1. 1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1, 2-Dichioropropane .

Trans-1, 3-Dichioropropene

Trichioroethene

Dibromochloromethane

1,1, 2-Trichloroethane

Benzene

¢is-1, 3-Dichloropropene

2-Chioroethylvinylether R

Bromoform . . .

4-Methyl-2-Pentanone

2-Hexanone

Tetrachloroethene

1.1, 2, 2-Tetrachloroethand ] ’ .

Toluene .

Chiorobenzene 1 P

Ethyibenzene .
Styrene :

Total Xylenes

RF -Response Factor {subscript is the amount of ug/L} CCC -Calibration Check Compounds («}
BF -Average Response Factor SPCC -System Performance Check Compounds (s.)
%RSD -Percent Relative Standard Deviation

Form VI

ONE - 44

Revision 0
Date September 1986




Initial Calibration Data
Volatile HSL Compounds

Case No: Instrument 1 D;

Laboratory Name Calibration Date:

Minimum RF for SPCC is 0.300 Maximum % RSD for CCC is 30%
(0.25 for Bromoform)

Laboratory 1D
cccC.
Compound RFZO RFgo RF400 RFy50 RFZOO RE % RSD | SPCCe»
RF -Response Factor (subscript is the amount of ug/L) CCC -Calibration Check Compounds («)
KT -Average Response Factor SPCC -System Performance Check Compounds (es)

%RSD -Percent Relative Standard Deviation

Form Vi

ONE - 45
Revision 0
Date September 1986




Case No:
Laboratory Name

Initial Calibration Data
Semivolatile HSL Compounds

(Page

Minimum RF for SPCC is 0.050

1)

Instrument ID;
Calibration Date:

M_axirnum % RSD for CCC is 30%

Laboratory ID

Compound

RFso

RFBO

. RF420

RF160 RF

% RSD

cccC.
SPCCse

Phenol

bis{-2-Chloroethy!)Ether

2-Chlorophenol

1, 3-Dichlorobenzene

1, 4-Dichlorobenzene

Benzy! Alcohol!

1. 2-Dichlorobenzene

2-Methylpheno!

bis{2-chloroisopropy!)Ether

4-Methylphenol

N-Nitroso-Di-n-Propylamine

Hexachloroethane

Nitrgbenzene

Isophorone

2-Nitrophenol

2. 4.Dimethylphenol

Benzoic Acid

bis{-2-Chloroethoxy)Methane

2, 4-Dichiorophenol

1, 2, 4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-Methylphenol

2-Methyinaphthalene

Hexachlorocyciopentadiene

2.4, 6-Trichloropheno!

2. 4, 5-Trichloropheno!

2-Chloronaphthalene

2-Nitroaniline

Dimethy! Phthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2, 4-Dinitrophenol

4-Nitrophenol!

Dibenzofuran .

Response Factor (subscript is the amount of nanograms)

RF -Average Response Facior

%RSD -Percent Relative Standard Deviation

CCC -Calibration Check Compounds (s}

SPCC -System Performance Check Compounds (ee)
t -Not detectable at 20 ng

Form VI

ONE — 46
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Initial Calibration Data
Semivolatile HSL Compounds

(Page 2)
CaseNo: . instrument ID:
Laboratory Name Calibration Date:

Minimum RF for SPCC is 0.050 Maximum % RSD for CCC is 30%

Laboratory ID

ccc-
Compound RF20 RFgq RFgo | RFi20 | RFye0 RF | %RSD | SPCCes

2, 4-Dinitrotoluene

2, 6-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nuroaniline 1

4, 6-Dinitro-2-Methylpheno! 1

N-Nitrosodiphenylamine (1} .

4.Bromopheny!-phenylether

Hexachlorobenzene

Pentachloropheno! 1 - R

Phenanthrene

Anthracene

Di-N-Butylphthalate

Fluoranthene .

Pyrene

Butylbenzyiphthalate

3, 3'-Dichlorobenzidine

Benzo{a)Anthracene

bis{2-Ethylnexyl)Phthalate

Chrysene

Di-n-Octy! Phthalate : .

Benzolb)Fluoranthene

Benzo(k)Fiuoranthene

Benzo{a)Pyrene »

Indeno(1, 2, 3-cd)Pyrene

Dibenz(a, hJAnthracene

Benzolg. h. i)Perylene

Response Factor (subscript is the amount of nanograms) SPCC -System Performance Check Compounds (ee) ‘
RF -Average Response Factor t - Not detectable at 20 ng
%RSD -Percent Relative Standard Deviation (1) -Cannot be separated from diphenylamine

CCC -Calibration Check Compounds ()

Form VI

ONE - 47
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Case No:

Laboratory Name

Initial Calibration Data
Semivolatile HSL Compounds
(Page 1)

Instrument ID:

Minimum RF for SPCC is 0.050

Calibration Date:

Laboratory ID

Maximum % RSD for CCC is 30%

Compound

RFgo RFgo .

RF120 RF460

ccc.

% RSD | SPCCe-

—_— 3

Response Factor (subscript 1s the amount of nanograms)
RF -Average Response Factor

%RSD -Percent Relative Standard Deviation
CCC -Cahibration Check Compounds (.)

SPCC -System Performance Check Compounds (ss)

t -Not detectable at 20 ng

Form Vi

ONE - 48

Revision: 0
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Continuing Calibration Check
Volatile HSL Compounds

Case No:
Laboratory Name
Contract No:

Instrument ID:

Minimum RF for SPCC is 0.300
(0.25 for Bromoform)

Calibration Date:

Time:

Laboratory ID:

Initial Calibration Date:

Maximum %D for CCC is 25%

—

Compound RF RFgq

% D ccc

SPCC

Chloromethane

Bromomethane

Viny! Chioride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1, 1-Dichioroethene

1, 1-Dichloroethane

Trans-1, 2-Dichloroethene

Chioroform

1, 2-Dichioroethane

2-Butanone

1,1, 1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1, 2-Dichloropropane

Trans-1, 3-Dichioropropene

Trichloroethene

Dibromochloromethane

1.1, 2-Trichioroethane

Benzene

cis-1, 3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methy!-2-Pentanone

2-Hexanone

Tetrachloroethene

1, 1.2, 2-Tetrachloroethane

Toluene

Chiorobenzene

Ethylbenzene

Styrene

Totat Xylenes

RFgq -Response Factor from daily standard file at 50 ug/!
RF -Average Response Factor from initial calibration Form Vi

%D -Percent Difference

CCC -Calibration Check Compounds (s}

SPCC -System Performance Check Compounds (e )

Form Vii
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Continuing Calibration Check
Volatile HSL Compounds

Case No: - Calibration Date:
Laboratory Name Time .

Contract No: Laboratory ID:
Instrument ID: Initial Calibration Date:

Minimum RF for SPCC is 0.300  Maximum %D for CCC is 25%
(0.25 for Bromoform)

Compound "~ RF RFgo %D ccc SPCC
RFgq -Response Factor from darly standard file at 50 ug | %D -Percent Difference
RF -Average Response Factor from initial calibration Form Vi CCC -Calibration Check Compounds {s)

SPCC -System Performance Check Compounds («+)

Form Vil

ONE - 50
Revision 0 .

Date September 1986




Case No:

Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

(Page 1)

instrument ID:

Minimum RF for SPCC is 0.050

Calibration Date:

Time:

Laboratory ID:
Initial Calibration Date:

Maximum %D for CCC is 25%

ampound

¥

RFgq

%D ~CCC

SPCC

Phenol

bis{-2-Chloroethyl)Ether

2-Chlorophenol

1, 3-Dichlorobenzene

1. 4-Dichlorobenzene

Benzy! Alcoho!

1, 2-Dichlorobenzene

2-Methylphenol

bis(2-chioroisopropyl)Ether

4-Methylpheno!

N-Nitroso-Di-n-Propylamine

Hexachlorgethane

Nitrobenzene

isophorone

2-Nitrophenol

2. 4-Dimethylphenol

Benzoic Acid

T

bis(-2-Chioroethoxy)Methane

2. 4-Dichioropheno!

1. 2. 4-Trichlorobenzene

Naphthaiene

4-Chloroaniline

Hexachlorobutadiene

4.Chioro-3-Methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2. 4, 6-Trichlorophenol

2. 4, 5-Trichlotopheno!

2-Chloronaphthalene

2-Nitroaniline

Dimethyl Pnthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2. 4-Dinitropheno!

4-Nitrophenol

D:ibenzofuran

RFgg -Response Facior from daily standard file at concentration

indicated (50 total nanograms)

ATF -Average Response Factor from inimal cahibration Form Vi

T-Due to fow response, analyze

8t 80 total nanograms

%D -Percent Difference

CCC -Calibration Check Cdmpounds ()

SPCC -System Performance Check Compounds {s.)

Form Vi

ONE - 51
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Case No:

Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

(Page 2)

Calibration Date:

Time:

Instrument 1D:

Laboratory ID.

Minimum RF for SPCC is 0.050

. Initial Calibration Date;

Maximum %D for CCC is 25%

Compound

lF.i_F RFgp

%D

ccc SPCC

2, 4-Dinitrotoluene

2, 6-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4, 6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine (1)

4.Bromophenyl-phenylethe:

Hexachiorobenzene

Pentachlorophenol

Phenanthrene

Anthracene

Di-N-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3. 3'-Dichlorobenzidine

Benzo(a)Anthracene

bis{2-Ethylthexyl)Phthatlate

Chrysene

Di-n-Octy! Phthalate

Benzo(b)Fluoranthene

Benzolk)Fluoranthene

Benzo(a)Pyrene

Indeno(1, 2, 3-cd)Pyrene

Dibenz{a, h)Anthracene

Benzo(g. h, i)Perylene

RF SRusponse Factor from dinly standard fde al concentrabon
indicated (50 total nanograms)

AT -Average Response Factor from stial colibratun Form Vi

D Percent Difference

~Due to low response, analyze

at 80 total nanograms

CCC -Cistibration Check Cumpounds {.)

SPCC -System Perlorniince Check Compounds ()

Form Vil

ONE - 52

(1) -Cannut be separated from diphenylannne
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Case No:
Laboratory Name

Continuing Calibration Check
Semivolatile HSL Compounds

{Page

instrument 1D:

Minimum RF for SPCC is 0.050

1)

Calibration Date:
Time:
Laboratory ID:
Initial Calibration Date:

Maximum %D for CCC is 25%

Compound RF “RFgg % D ccc SPCC
SN B
—— SN SN DU -
NSRS (I SUNRTIUN U RS

RFSO

indicated (50 total nanograms)
RF -Average Response Factur from smitial cahibratiun Form VI

-Due 10 low response, snalyze
8t 80 total nanograms

-Respunse Factor front dasly standard file it congentration

Form

ONE - 53

%D -Percent Difference

CCC -Calration Check Compounds (.}

SPCC System Perlurmance Check Compounds {..)

vl

Revision
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Pesticide Evaluation Standards Summary
{Page 1)

Laboratory Name:

GC Column:

Instrument ID:

Case No:

Date of Analysis:

Evaluation Check for Linearity

Laboratory
1D

Pesucide

Cahbrauon
Factor

Eval. Mix A

Calibration
Factor
Eval. Mix B

Calibration
Factor
Eval. Mix C

% RSD
{ £10%)

Aldrin

Endnin

a4.pot)

Dibuty!
Chiorendate

Evaluation Check for 4,4'- DDT/Endrin Breakdown
" (percent breakdown expressed as total degradation)

Laboratory Time of Endrin 4.4'- DOT Co'mbuned(")

1.D. Analysis

Eva! Mix B
72 Hour

Eval Mix B

Eval Mix B

. Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

Eval Mix B

(1) See Exhibit €, Section 754
{2} See Exhibit E, Section 7.3.1.2.2.1 RCRA

Form VIli 4/86
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Pesticide Evaluation Standards Summary

Report all standards, blanks and samples

{Page 2)
Evaluation of Retention Time Shift for Dibutyl Chlorendate

Lat Time of Percent SMO Lab Time of Percent
Sample No 1.D. Analysis Dift. Sample No. 1.D. Analysis Diff.
RCRA
Form VIl {Continued) 4/86
ONE - 55
Revision 0

Date September 1986
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PESTICIDE/PCB STANDARDS SUMMARY

Case No. Laboratory Name
GC Column GC Instrument ID '

DATE OF ANALYSIS DATE OF ANALYSIS
TIME OF ANALYSIS . TIME OF ANALYSIS
LABORATORY ID LABORATORY ID .

RETENTION [0, igraTion| ~ CONF- CALIBRATION| ~ CONF. PERCENT

OMPOUND RT TIME OR RT OR -
c WINDOW FACTOR QUANT. » FACTOR QUANT. DIFF, &

alpha—-BHC
beta-BHC
delta—BHC
gamma ~BHC
Heptachlor
Aldrin
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CHAPTER FOUR
ORGANIC ANALYTES

4.1 SAMPLING CONSIDERATIONS

4,1.1 Introduction

Following the initial and critical step of designing a sampling plan
(Chapter Nine) is the implementation of that plan such that a representative
sample of the solid waste is collected. Once the sample has been collected it
must be stored and preserved to maintain the chemical and physical properties
that it possessed at the time of collection. The sample type, type of
containers and their preparation, possible forms of contamination, and
preservation methods are all items which must be thoroughly examined in order
to maintain the integrity of the samples. This section highlights
considerations which must be addressed in order to maintain a sample's
integrity and representativeness.

4.1.2 Sample Handling and Preservation

This section deals separately with volatile and semivolatile organics.
Refer to Chapter Two (Table 2-16) and Table 4-1 of this Section for
recommended sample containers, sample preservation, and sample holding times.

Volatile Organics

Standard 40-mL glass screw-cap VOA vials with Teflon-faced silicone
septum may be used for both liquid and solid matrices. The vials and septum
should be soap and water washed and rinsed with distilled deionized water.
After thoroughly cleaning the vials and septum, they should be placed in a
muffle furnace and dried at 105°C for approximately one hour. (Note: Do not
heat the septum for extended periods of time, i.e., more than one hr, because
the silicone begins to slowly degrade at 105°C).

When collecting the samples, liquids and solids should be introduced into
the vials gently to reduce agitation which might drive off volatile compounds.
Liquid samples should be poured into the vial without introducing any air
bubbles within the vial as it is being filled. Should bubbling occur as a
result of violent pouring, the sample must be poured out and the vial
refilled. Each VOA vial should be filled until there is a meniscus over the
1ip of the vial. The screw-top 1id with the septum (Teflon side toward the
sample) should then be tightened onto the vial. After tightening the 1id, the
vial should be inverted and tapped to check for air bubbles. If there are any
air bubbles present the sample must be retaken. Two VOA vials should be
filled per sample location.

VOA vials for samples with solid or semi-solid (sludges) matrices should
be completely filled as best as possible. The vials should be tapped slightly
as they are filled to try and eliminate as much free air space as possible.
Two vials should also be filled per sample location.
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VOA vials should be filled and labeled immediately at the point at which
the sample is collected. They should NOT be filled near a running motor or
any type of exhaust system because discharged fumes and vapors may contaminate
the samples. The two vials from each sampling locations should then be sealed
in separate plastic bags to prevent cross-contamination between samples
particularly if the sampled waste 1is suspected of containing high levels of
volatile organics. (Activated carbon may also be included in the bags to
prevent cross-contamination from highly contaminated samples). VOA samples
may also be contaminated by diffusion of volatile organics through the septum
during shipment and storage. To monitor possible contamination, a trip blank
prepared from distilled deionized water should be carried throughout the
sampling, storage, and shipping process.

Semivolatile Organics (This includes Pesticides and Herbicides.)

Containers used to collect samples for the determination of semivolatile
organic compounds should be soap and water washed followed by methanol (or
isopropanol) rinsing (see Section 4.1.4 for specific instructions on glassware
cleaning). The sample containers should be of glass or Teflon and have screw-
top covers with Teflon liners. In situations where Teflon is not available,
solvent-rinsed aluminum foil may be used as a liner. Highly acidic or basic
samples may react with the aluminum foil, causing eventual contamination of
the sample. Plastic containers or 1lids may NOT be used for the storage of
samples due to the possibility of sample contamination from the phthalate
esters and other hydrocarbons within the plastic. Sample containers should be
filled with care so as to prevent any portion of the collected sample coming
in contact with the sampler's gloves, thus causing contamination. Samples
should not be collected or stored in the présence of exhaust fumes. If the
sample comes in contact with the sampler (e.g., if an automatic sampler is
used), run reagent water through the sampler and use as a field blank.

4.1.3 Safety

Safety should always be the primary consideration in the collection of
samples. A thorough understanding of the waste production process as well as
all of the potential hazards making up the waste should be investigated
whenever possible. The site should be visually evaluated just prior to
sampling to determine additional safety measures. Minimum protection of
gloves and safety glasses should be worn to prevent sample contact with the
skin and eyes. A respirator should be worn even when working outdoors if
organic vapors are present. More hazardous sampling missions may require the
use of supplied air and special clothing.

4.1.4 Cleaning of Glassware

In the analysis of samples containing components in the parts per billion
range, the preparation of scrupulously clean glassware is mandatory. Failure
to do so can lead to a myriad of problems in the interpretation of the final
chromatograms due to the presence of extraneous peaks resulting from
contamination. Particular care must be taken with glassware such as Soxhlet
extractors, Kuderna-Danish evaporative concentrators, sampling-train
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components, or any other glassware coming in contact with an extract that will
be evaporated to a lesser volume. The process of concentrating the compounds
of interest in this operation may similarly concentrate the contamination
substance, which may seriously distort the results.

The basic cleaning stebs are:

1.

8.

Removal of surface residuals immediately after use;

Hot soak to loosen and flotate most particulate material;

Hot-water rinse to flush away flotated particulates;

Soak with an oxidizing agent to destroy traces of organic compounds;

Hot-water rinse'to flush away materials loosened by the deep penetrant
soak;

Distilled-water rinse to remove metallic deposits from the tap water;

Methanol rinse to flush off any final traces of organic materials and
remove the water; and

Flushing the item immediately before use with some of the same solvent
that will be used in the analysis.

Each of these eight fundamental steps will be discussed in the order in
which they appear above.

1.

As soon possible after glassware (i.e., beakers, pipets, flasks, or
bottles) has come in contact with sample or standards, the glassware
should be methanol-flushed before it is placed in the hot detergent
soak. If this is not done, the soak bath may serve to contaminate all
other glassware placed therein.

The hot soak consists of a bath of a suitable detergent in water of
50°C or higher. The detergent -- powder or 1liquid -=- should be
entirely synthetic and not a fatty acid base. There are very few
areas of the country where the water hardness is sufficiently low to
avoid the formation of some hard-water scum resulting from the
reaction between calcium and magnesium salts with a fatty acid soap.
This hard-water scum or curd would have an affinity particularly for
many chlorinated compounds and, being almost wholly water-insoluble,
would deposit on all glassware in the bath in a thin film.

There are many suitable detergents on the wholesale and retail market.
Most of the common 1liquid dishwashing detergents sold at retail are
satisfactory but are wmore expensive than other comparable products
sold industrially. Alconox, in powder or tablet form, is manufactured
by Alconox, Inc., New York, and is marketed by a number of laboratory

supply firms. ~Sparkleen, another powdered product, is distributed by
Fisher Scientific Company.
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3. No comments required.

4, The most common and highly effective oxidizing agent for removal of
traces of organic compounds 1is the traditional chromic acid solution
made up of H»SO4 and potassium or sodium dichromate. For maximum
efficiency, the soak solution should be hot (40-50°C). Safety
precautions must be rigidly observed in the handling of this solution.
Prescribed safety gear should include -safety goggles, rubber gloves,
and apron. The bench area where this operation is conducted should be
covered with fluorocarbon sheeting because spattering will
disintegrate any unprotected surfaces.

The potential hazards of using chromic sulfuric acid mixture are great
and have been well publicized. There are now commercially available
substitutes that possess the advantage of safety in handling. These
are biodegradable concentrates with a claimed cleaning strength equal
to the chromic acid solution. They are alkaline, equivalent to

ca. 0.1 N NaOH upon dilution, and are claimed to remove dried blood,
silicone greases, distillation residues, insoluble organic residues,
etc. They are further claimed to remove radioactive traces and will
not attack glass or exert a corrosive effect on skin or clothing. One
such product is "Chem Solv 2157," manufactured by Mallinckrodt and
available through laboratory supply firms. Another comparable product
is "Detex," a product of Borer-Chemie, Solothurn, Switzerland.

5, 6, and 7. No comments required.‘

~8. There is always a possibility that between the time of washing and the
"~ next use, the glassware could pick up some contamination from either
the air or direct contact. To ensure against -this, it is good
practice to flush the item 1mmed1ate1y before use with some of the

same solvent that will be used in the ana]ys1s ‘

The dry1ng and storage of the c]eaned glassware is of . cr1t1ca1 importance
to prevent the beneficial effects of the scrupulous cleaning from being
nullified. Pegboard drying 1is not recommended because contaminants can be
introduced to the interior of the cleaned vessels. WNeoprene-coated metal
racks are suitable for such items as beakers, flasks, chromatographic tubes,
and any glassware then can be inverted and suspended to dry. .Small articles
such as stirring rods, glass stoppers, and bottle caps can be wrapped in
aluminum foil and oven-dried a short time  if oven space is available. Under
no circumstances should such small items be left in the open without
protective covering. The dust cloud - raised. by the daily sweeping of the
laboratory floor can most effectively recontam1nate the clean glassware.

As an alternative to air dry1ng, the glassware can be heated to a minimum
of 300°C to vaporize any organics.
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TABLE 4-1.

RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES

Parameter Container Preservative Holding Time
Volatile Organics
Concentrated Waste Samples 8-0z. widemouth None 14 days
glass with Teflon
liner
Liquid Samples
No Residual Chlorine
Present 2 40-mlL vials with 4 drops conc. HCl, Cool, 4°C 14 days
Teflon lined septum
caps
Residual Chlorine )
Present 2 40-mL vials with Collect sample in a 4 oz. soil 14 days
Teflon lined septum VOA container which has been
caps pre-preserved with 4 drops of
10% sodium thiosulfate. Gently
mix sample and transfer to a
40-mL VOA vial that has been
pre—preserved with 4 drops
conc. HCl, Cool to 4°C
Acrolein and
Acrylonitrile 2 40-mL vials with Adjust to pH 4-5, Cool, 4°C 14 days
Teflon lined septum
caps
Soil/Sediments and Sludges 4-oz (120-ml) widemouth Cool, 4°C 14 days
' glass with Teflon liner
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TABLE 4-1. Continued

Parameter Container Preservative Holding Time
Semivolatile Organics
Concentrated Waste Samples 8-oz. widemouth None 14 days
glass with Teflon
liner
Liquid Samples
No Residual Chlorine

Present 1-gal. or 2 1/2-gal. Cool, 4°C Samples must be
amber glass with Teflon extracted with-
liner in 7 days and

extracts ana-

lyzed within

40 days
Residual Chlorine . ‘

Present 1-gal. or 2 1/2—gal. Add 3 nmL 10% sodium Samples must be
amber glass with Teflon thiosulfate per extracted with-
liner gallon, Cool, 4°C in 7 days and

extracts ana—
lyzed within
40 days
Soil/Sediments and Sludges 8-oz. widemouth glass Cool, 4°C 14 days
with Teflon liner
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4.2 SAMPLE PREPARATION METHODS
4.2.1 EXTRACTIONS AND PREPARATIONS
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METHOD 3500
ORGANIC EXTRACTION AND SAMPLE PREPARATION

1.0 SCOPE AND APPLICATION

1.1 The 3500 Methods are procedures for quantitatively extracting
nonvolatile and semivolatile organic compounds from various sample matrices.
Cleanup and/or analysis of the resultant extracts are described in Chapter
Four, Sections 4.2.2 and 4.3, respectively.

1.2 Method 3580 describes a solvent dilution technique that may be used
on non-aqueous nonvolatile and semivolatile organic samples prior to cleanup
and/or analysis.

1.3 The 5000 Methods are procedures for preparing samples containing
volatile organic compounds for quantitative analysis.

1.4 Refer to the specific method of interest for further details.

2.0 SUMMARY OF METHOD

2.1 3500 Methods: A sample of a known volume or weight is solvent
extracted. The resultant extract is dried and then concentrated in a Kuderna-
Danish apparatus. Other concentration devices or techniques may be used in
place of the Kuderna-Danish concentrator if the quality control requirements
of the determinative methods are met (Method 8000, Section 8.0).

2.2 5000 Methods: Refer to the specific method of interest.

3.0 INTERFERENCES

3.1 Samples requiring analysis for volatile organic compounds, can be
contaminated by diffusion of volatile organics (particularly chlorofluoro-
carbons and methylene chloride) through the sample container septum during
shipment and storage. A field blank prepared from reagent water and carried
through sampling and subsequent storage and handling can serve as a check on
such contamination.

3.2 Solvents, reagent, glassware, and other sample processing hardware
may yield artifacts and/or 1interferences to sample analysis. All these
materials must be demonstrated to be free from interferences under the
conditions of the analysis by analyzing method blanks. Specific selection of
reagents and purification of solvents by distillation in all-glass systems may

be required. Refer to Chapter One for specific guidance on quality control
procedures.

3.3 Interferences coextracted from the samples will vary considerably
from source to source. If analysis of an extracted sample is prevented due to
interferences, further cleanup of the sample extract may be necessary. Refer
to Method 3600 for guidance on cleanup procedures.
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3.4 Phthalate esters contaminate many types of products commonly found
in the Tlaboratory. Plastics, in particular, must be avoided because
phthalates are commonly used as plasticizers and are easily extracted from
plastic materials. Serious phthalate contamination may result at any time if
consistent quality control is not practiced.

3.5 Glassware contamination resulting in analyte degradation: Soap
residue on glassware may cause degradation of certain analytes. Specifically,
aldrin, heptachlor, and most organophosphorous pesticides will degrade in-this
situation. This problem is especially -pronounced with glassware that may be
difficult to rinse (e.g., 500-mL K-D -flask). These ‘items should be hand-
rinsed very carefully to avoid this problem. '

4.0 APPARATUS AND MATERIALS

4,1 Refer to the specific method of interest for a description of the
apparatus and materials needed.

5.0 REAGENTS

5.1 Refer to the specific method of interest for a description of the
solvents needed.

5.2 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions..

5.2.1 Purgeable stock standards: Prepare stock standards 1in
methanol using assayed liquids or gases, as appropriate. Because of the
toxicity: of some of the organohalides, primary dilutions of these
materials should be prepared in a hood.

5.2.1.1 Place about 9.8 mL of methanol in a 10-mL tared
ground-glass-stoppered volumetric flask. Allow the flask to stand,
unstoppered, for about 10 min or.-until all alcohol-wetted surfaces
have dried. Weigh the flask to the nearest 0.1 mg.

5.2.1.2 Using a 100-uL syringe, immediately . add two or more
drops of assayed reference material to the flask, then reweigh. The
liquid must fall directly into the 'alcohol without contacting the
neck of the flask.

. 5.2.1.3 Reweigh, dilute to volume, stopper, then mix by
inverting the flask several times. Calculate the concentration in
micrograms per microliter (ug/uL) from the net gain in weight. When
compound purity is assayed to be 96% or greater, the weight may be
used without correction to calculate the concentration of the stock
standard. Commercially prepared stock standards may be used at any

~concentration if they are certified by the manufacturer or by an
independent source.
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5.2.1.4 Transfer the stock standard solution into a Teflon-
sealed screw-cap bottle. Store, with minimal headspace, at -10°C to
-20°C and protect from light.

5.2.1.5 A1l standards must be replaced after 1 month, or
sooner if comparison with check standards indicates a problem.

5.2.2 Semivolatile stock standards: Base/neutral and acid stock
standards are prepared in methanol. Organochlorine pesticide standards
are prepared in acetone.

5.2.2.1 Stock standard solutions should be stored in Teflon-
sealed containers at 4°C. The solutions should be checked
frequently for stability. These solutions must be replaced after
six months, or sooner if comparison with quality control check
samples indicate a problem.

5.3 Surrogate standards: A surrogate standard (i.e., a chemically inert
compound not expected to occur in an environmental sample) should be added to
each sample, blank, and matrix spike sample just prior to extraction or
processing. The recovery of the surrogate standard is used to monitor for
unusual matrix effects, gross sample processing errors, etc. Surrogate
recovery is evaluated for acceptance by determining whether the measured
concentration falls within the acceptance 1limits. Recommended surrogates for
different analyte groups follow; however, these compounds, or others that
better correspond to the analyte group, may be used for other analyte groups
as well. Normally three or more standards are added for each analyte group.

5.3.1 Base/neutral and acid surrogate spiking solutions: The
following are recommended surrogate standards.

Base/neutral Acid
2-Fluorobiphenyl 2-Fluorophenol
Nitrobenzene-dg 2,4,6-Tribromophenol
Terphenyl-dig Phenol-dg

5.3.1.1 Prepare a surrogate standard spiking solution in
methanol that contains the base/neutral compounds at a concentration
of 100 ug/mL, and the acid compounds at 200 ug/mL for water and
sediment/soil samples (low- and medium-level). For waste samples,
the concentration should be 500 ug/mL for base/neutrals and 1000
ug/mL for acids.

5.3.2 Organochlorine pesticide surrogate spiking solution: The
following are recommended surrogate standards for organochlorine
pesticides.

Organochlorine pesticides

Dibutylchlorendate (DBC)
2,4,5,6-Tetrachloro-meta-xylene (TCMX)
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5.3.2.1 Prepare a surrogate standard * spiking solution at a
concentration of 1 .ug/mL in acetone for water and sediment/soil
samples. For waste samples, the concentration should be 5 ug/mL.

5.3.3 Purgeable surrogate spiking solution: = The following are

recommended surrogate standards for volatile organics.

5.4

Purgeable organics

p-Bromof]uorobehiene
1,2-Dichloroethane-dg
Toluene-dg

5.3.3.1 Prepare a surrogate spiking solution (as described in
Paragraph 5.2.1 or through secondary dilution of the stock standard)

in methanol containing the .surrogate standards at a concentration of

25 ug/mL

Matrix spike standards - Select five or more analytes from each

analyte group for use in a spiking solution. The following are
recommended matrix spike standard mixtures for a few analyte groups.
These compounds, or .others that better correspond to the analyte
group, may be used for.other analyte groups as. we]]

5.4.1 Base/neutra] and acid matrix spiking solution Prepare a

spiking solution in 'methanol that contains each of the following
base/neutral compounds at 100 ug/mL and the acid compounds at 200 ug/mL
. for water and sediment/soil  samples. The :concentration of these
compounds should be five times higher for waste samples.

'Base/neutral’s - ~ Acids
1,2,4-Trichlorobenzene . . Pentachlorophenol
Acenaphthene C Phenol
2,4-Dinitrotoluene 2-Chlorophenol

.Pyrene : . 4-Chloro-3- methy]pheno]
N-Nitroso-di-n-propylamine . . 4= N1tropheno]

1,4-Dichlorobenzene .

5.4.2 OrgahOéhlbrine pesticide matrix sp1k1ng solution: Prepare a

~ spiking solution  in acetone or. methanol  that contains the following
pesticides in the concentrations specified for water and sediment/soil.
. The concentration should be five times higher for waste samples.

.Pesticfdé ‘ ‘Concentration (ug/mL)
" Lindane 0.2
Heptachlor 0.2
Aldrin 0.2
Dieldrin 0.5
Endrin 0.5
4.4'-DDT 0.5
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5.4.3 Purgeable matrix spiking solution: Prepare a spiking
solution in methanol that contains the following compounds at a
concentration of 25 ug/mL.

Purgeable organics

1,1-Dichloroethene
Trichloroethene
Chlorobenzene
Toluene

Benzene

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to the Organic Analyte Chapter,
Section 4.1.

7.0 PROCEDURE

7.1 Semivolatile organic_ sample extraction: Water, soil/sediment,
sludge, and waste samples requiring analysis for base/neutral and acid
extractables and/or organochlorine pesticides must undergo solvent extraction
prior to analysis. This manual contains four methods that may be used for
this purpose: Method 3510; Method 3520; Method 3540; and Method 3550. The
method that should be used on a particular sample, is highly dependent upon
the physical characteristics of that sample. Therefore, review these four
methods prior to choosing one in particular. Appropriate surrogate standards

and, if necessary, matrix spiking solutions are added to the sample prior to
extraction for all four methods.

7.1.1 Method 3510: Applicable to the extraction and concentration
of water-insoluble and slightly water-soluble organics from aqueous
samples. A measured volume of sample 1is solvent extracted using a
separatory funnel. The extract is dried, concentrated and, if necessary,
exchanged into a solvent compatible with further analysis. Method 3520
should be used if an emulsion forms between the solvent-sample phases,
which can not be broken up by mechanical techniques.

7.1.2 Method 3520: Applicable to the extraction and concentration
of water-insoluble and slightly water-soluble organics from aqueous
samples. A measured volume of sample is extracted with an organic
solvent in a continuous liquid-liquid extractor. The solvent must have a
density greater than that of the sample. The extract is dried,
concentrated and, if necessary, exchanged into a solvent compatible with
further analysis. The 1limitations of Method 3510 concerning solvent-
sample phase separation do not interfere with this procedure.
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7.1.3 Method 3540: This is a procedure for extracting nonvolatile
and semivolatile organic compounds - from solids such as soils, sludges,
and wastes. A solid sample is mixed with anhydrous sodium sulfate,
placed into an extraction thimble or between two plugs of glass wool, and
extracted using an appropriate solvent in a Soxhlet extractor. The
extract is dried, concentrated and, if necessary, exchanged into a
solvent compatible with further analysis. :

7.1.4 Method 3550: This method 1is applicable to the extraction of
nonvolatile and .semivolatile organic compounds from solids such as soils,
sludges, and wastes using the technique of sonication. Two procedures
are detailed depending upon the expected concentration of organics in the
sample; a low concentration and a high concentration method. In both, a
known weight of sample is mixed with anhydrous sodium sulfate and solvent
extracted using sonication. The extract is dried, concentrated and, if
necessary, exchanged into a solvent compatible with further analysis.

7.1;5 Method 3580: This method describes the technique of solvent
dilution of non-aqueous waste samples. It is designed for wastes that

may contain organic chemicals at a level greater than 20,000 mg/kg and
that are soluble in the dilution solvent.

7.2 Volatile organic sample preparation: There are three methods for
volatile sample preparation: Method 5030; Method 5040; and direct injection.
Method 5030 is the most widely applicable procedure for analysis of volatile

organics, while the direct injection technique may have limited applicability
to aqueous matrices.

7.2.1 Method 5030: This method .describes the technique of purge-
and-trap for - the introduction of -purgeable -.organics into a gas
chromatograph. This procedure is applicable for use with aqueous samples
directly and to solids, wastes, soils/sediments, and water-miscible
liquids following appropriate preparation. An inert gas is bubbled
through the sample, which will. efficiently transfer the purgeable
organics from the aqueous phase to-.the vapor phase. The vapor phase is
swept through a sorbent trap. where the purgeables are trapped. After
purging is completed, the trap is heated and backflushed with the inert
gas to desorb the purgeables onto a-gas chromatographic column. Prior to
application of the purge-and-trap procedure, all samples (including
blanks, spikes, and duplicates) should be spiked with surrogate standards
and, if required, with matrix spiking compounds.

7.2.2 Method_5040:. This method is applicable to the investigation
of sorbent cartridges from volatile organic sampling train (VOST).

7.3 Sample analysis: Following preparation of a sample by one of the
methods described above, the samp]e is ready for further analysis. For
samples requiring volatile organic analysis, application of one of the three
methods described above is followed d1rect1y by gas chromatographic analysis
(Methods 8010, 8015, 8020, or 8030). Samples prepared for semivolatile
analysis may, if necessary, undergo cleanup (See Method 3600) prior to
application of a specific determinative method. -
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8.0 QUALITY CONTROL

8. 1 Refer to Chapter One for specific guidance on quality control
procedures.

8.2 Before processing any samples, the analyst should demonstrate
through the analysis of a reagent water blank that all glassware and reagents
are interference free. Each time a set of samples are processed, a method
blank(s) should be processed as a safeguard against chronic laboratory
contamination. The blank samples should be carried through all stages of the
sample ‘preparation and measurement.

8.3 Surrogate standards should be added to all samples when specified in
the appropriate determinative method in Chapter Four, Section 4.3.

8.4 A reagent blank, a matrix spike, and a duplicate or matrix spike
duplicate must be performed for each analytical batch (up to a maximum of 20
~ samples) analyzed.

. 8.5 For GC or GC/MS analysis, the analytical system performance must be
verified by analyzing quality control (QC) check samples. Method 8000,
Section 8.0 discusses in detail the process of verification; however,

preparation of the QC check sample concentrate 1is dependent upon the method
being evaluated.

8.5.1 Volatile organfc QC check samples: QC check sample
concentrates containing each analyte of 1interest are spiked into reagent
| water (defined as the QC check sample) and analyzed by purge-and-trap
(Method 5030). The concentration of each analyte in the QC check sample
is 20 ug/L. The evaluation of system performance is discussed in detail

in Method 8000, beginning with Paragraph 8.6.

8.5.2 Semivolatile organic QC check samples: To evaluate the
performance of the analytical method, the QC check samples must be
handled in exactly the same manner as actual samples. Therefore, 1.0 mL
of the QC check sample concentrate is spiked into each of four 1-L
aliquots of reagent water (now called the QC check sample), extracted,
and then analyzed by GC. The variety of semivolatile analytes which may
be analyzed by GC is such that the concentration of the QC check sample
concentrate 1is different for the different analytical techniques
presented. in the manual. Method 8000 discusses in detail the procedure
of verifying the detection system once the QC check sample has been

prepared. The concentrations of the QC check sample concentrate for the
various methods are as follows:

8.5.2.1 Method 8040 - Phenols: The QC check sample
concentrate should contain each analyte at a concentration of
100 ug/mL in 2-propanol.

8.5.2.2 Method 8060 - Phthalate esters: The QC check sample
concentrate should contain the following analytes at the following
concentrations in acetone: butyl benzyl phthalate, 10 ug/mL; bis(2-
ethylhexyl)phthalate, 50 ug/mL; di-n-octylphthalate, 50 ug/mL; and
any other phthalate at 25 ug/mL.
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8.5.2.3 Method 8080 - Organochlorine pesticides and PCBs: The
QC check sample concentrate should contain each single-component
analyte at the following concentrations 1in acetone: 4,4'-DDD, 10
ug/mL; 4,4'-DDT, 10 ug/mL; endosulfan II, 10 wug/mL; endosulfan
sulfate, 10 ug/mL; and any . other single-component pesticide at 2
ug/mL. If the method is only to be used to analyze PCBs, chlordane,
or toxaphene, the QC check sample concentrate should contain the
most representative multicomponent parameter at a concentration of
50 ug/mL in acetone.

8.5.2.4 Method 8090 - Nitroaromatics and Cyclic Ketones: The
QC check sample concentrate should contain each analyte at the
following concentrations in acetone: each dinitrotoluene at
20 ug/mL; and isophorone and nitrobenzene at 100 ug/mL.

8.5.2.5 Method 8100 - Polynuclear aromatic hydrocarbons: The
QC check sample concentrate " should contain each analyte at the
following concentrations in acetonitrile: naphthalene, 100 ug/mL;
acenaphthylene, 100 ug/mL; acenaphthene, 100 ug/mL; fluorene,
100 ug/mL; phenanthrene, 100 ug/mL; anthracene, 100 ug/mL;
benzo(k)fluoranthene 5 ug/mL; and any other PAH at 10 ug/mL.

8.5.2.6 Method 8120 - Chlorinated hydrocarbons: The QC check
sample concentrate should contain each analyte at the following
concentrations in acetone: hexachloro-substituted hydrocarbons,
10 ug/mL; and any other chlorinated hydrocarbon, 100 ug/mL.

9.0 METHOD PERFORMANCE

9.1 The recovery of surrogate standards is wused to monitor unusual-
- matrix effects, sample processing problems, etc. The recovery of

matrix spiking compounds indicates the presence or absence of
unusual matrix effects.

9.2 The performance of this method will be dictated by the overall
performance of the sample preparation in combination with the
analytical determinative method.

10.0 REFERENCES

10.1 None required.
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METHOD 3510
SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 This method describes a procedure for isolating organic compounds
from aqueous samples. The method also describes concentration techniques
suitable for preparing the extract for the appropriate determinative methods
described in Section 4.3 of Chapter Four.

1.2 This method is applicable to the isolation and concentration of
water-insoluble and slightly water-soluble organics in preparation for a
variety of chromatographic procedures.

2,0 SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 liter, at a specified pH (see

Table 1), 1s serially extracted with methylene chloride using a separatory

funnel. The extract is dried, concentrated, and, as necessary, exchanged into
a solvent compatible with the cleanup or determinative step to be used.

3.0 INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4,1 Separatory funnel: 2-liter, with Teflon stopcock.

4.2 Drying column: 20-mm 1I1.D. Pyrex chromatographic column with Pyrex
glass wool at bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly

contaminated extracts have been passed through. Columns without frits

may be purchased. Use a small pad of Pyrex glass wool to retain the

adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by

50 mL of elution solvent prior to packing the column with adsorbent.

4.3 Kuderna-Danish {K-D) apparatus:

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or

equivalent). Ground-glass stopper 1is used to prevent evaporation of
extracts.

4.3.2 Evaporation flask: 500-mL  (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs.
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TABLE 1. SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS

Exchange Exchange Volume Final

solvent solvent of extract extract
Initial Secondary required required required volume
Determinative extraction extraction for for for for
method pH pH analysis - cleanp cleanup (mL)  analysis (mL)
8040 <2 none 2-propanol hexane 1.0 1.0, 10.0°
8060 as received none hexane hexane 2.0 - 10,0
8 59 none hexane hexane 10.0 10.0
8090 59 : none hexane hexane 20 ' - 140
8100 as received none none cyclohexane 2.0 1.0
8120 as received none hexane : hexane 20 1.0
8140b 8 none’ hexane hexane 10.0 10.0
8’250b Jll <2 none - - 1.0
870 ol <2 none - - 1.0
810 as received none acetonitrile - - 1.0

#Phenols may be analyzed, by Method 8040, using a 1.0 mL 2-propanol extract by GC/FID. Method 8040 also
contains an optional derivatization procedure for phenols which results in a 10 mL hexane extract to be

analyzed by GC/ECD.

b'Ihr-: specificity of GC/MS may make cleanup of the extracts umecessarys. Refer to Method 3600 for guidance on
the cleanup procedures available if required. '
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4.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent). v S

4.3.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or
equivalent).

4,4 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 Water bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.6 Vials: Glass, 2-mL éabacity with Teflon-lined screw cap.

4.7 pH indicator paper: pH range including the desired extraction pH.

4.8 Erlenmeyer flask: 250-mL.

4.9 Syringe: 5-mL.
4.10 Graduated cylinder: 1-liter.

5.0 REAGENTS

5.1 Reagent water: Reagent water 1is defined as water in which an
interferent is not observed at the method detection limit of the compounds of
interest.

5.2 Sodium hydroxide solution, 10 N: (ACS) Dissolve 40 g NaOH in
reagent water and dilute to 100 mL.

5.3 Sodium sulfate: (ACS) Granular, -anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.4 Sulfuric acid solution (1:1): Slowly add 50 mL of HpSO4 (sp. gr.
1.84) to 50 mL of reagent water.

5.5 Extraction/exchange solvent: Methylene chloride, hexane,
2-propanol, cyclohexane, acetonitrile (pesticide quality or equivalent).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1. _
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7.0 PROCEDURE

7.1 Using a 1-liter graduated cylinder, measure 1 liter of sample and
transfer it to the separatory funnel. Add 1.0 mL of the surrogate standards
to all samples, spikes, and blanks (see Method 3500 for details on the
surrogate standard solution and the matrix spike solution). For the sample in
each analytical batch selected for spiking, add 1.0 mL of the matrix spiking
standard. For base/neutral-acid analysis, the amount added of the surrogates
~and matrix spiking compounds should result in a final concentration of
100 ng/uL of each base/neutral analyte and 200 ng/uL of each acid analyte in
the extract to be analyzed (assuming a 1 ulL injection). If Method 3640, Gel-
permeation cleanup, is to be wused, add twice the volume of surrogates and
matrix spiking compounds since half the extract 1is .lost due to loading of the
GPC column.

7.2 Check the pH of the sample with wide-range pH paper and, if
necessary, adjust the pH to that indicated in Table 1 for the specific
determinative method that will be used to analyze the extract.

7.3 Add 60 mL of methylene chloride to the separatory funnel.

7.4 Seal and shake the separatory funnel vigorously for 1-2 min with
periodic venting to release excess pressure,

NOTE: Methylene chloride creates excessive pressure very rapidly;

therefore, initial venting should be done immediately after the

separatory funnel has been sealed and shaken once.

7.5 Allow the organic layer to separate from the water phase for a
minimum of 10 min. If the emulsion interface between layers is more than one-
third the size of the solvent layer, the analyst must employ mechanical
techniques to complete the phase separation. : The optimum technique depends
upon the sample and may include stirring, filtration of the emulsion through
glass wool, centrifugation, or other physical methods. Collect the solvent
extract in.an Erlenmeyer flask. If the emulsion cannot be broken (recovery of
<{80% of the methylene chloride, corrected for the water solubility of
methylene chloride), transfer the sample, solvent, and emulsion into the

extraction chamber of a continuous extractor and proceed as described in
Method 3520. :

7.6 Repeat the extraction two more times using fresh portions of solvent
(steps 7.3 through 7.5). Combine the three solvent extracts.

7.7 If further pH adjustment and extraction is required, adjust the pH
of the aqueous phase to the desired pH indicated in Table 1. Serially extract
three times with 60 mL of methylene chloride, as outlined in Paragraphs 7.3
through 7.5. Collect and combine the extracts and label the combined extract
appropriately. '

7.8 If performing GC/MS analysis (Method 8250 or 8270), the acid and
base/neutral extracts may be combined prior to concentration. However, in
some situations, separate concentration and analysis of the acid and
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base/neutral extracts may be preferable (e.g., if for regulatory purposes the
presence or absence of specific acid or base/neutral compounds at lTow
concentrations must be determined, separate extract analyses may be
warranted).

7.9 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.

7.10 Dry the extract by passing it  through a drying column containing
about 10 cm of anhydrous sodium sulfate. Collect the dried extract in a K-D
concentrator. Rinse the Erlenmeyer flask, which contained the solvent
extract, with 20-30 mL of methylene chloride and add it to the column to
complete the quantitative transfer.

7.11 Add one or two clean boiling chips to the flask and attach a three-
ball Snyder column. Prewet the Synder column by adding about 1 mL of
methylene chloride to the top of the column. Place the K-D apparatus on a hot
water bath (80-90°C) so that the concentrator tube is partially immersed in
the hot water and the entire lower rounded surface of the flask is bathed with
hot vapor. Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 10-20 min. At the
proper rate of distillation, the balls of the column will actively chatter,
but the chambers will not flood. When the apparent volume of liquid reaches

1 mL, remove the K-D apparatus from the water bath and allow it to drain and
cool for at least 10 min.

7.12 If a solvent exchange 1is required (as indicated in Table 1),
momentarily remove the Snyder column, add 50 mL of the exchange solvent, a new
boiling chip, and re-attach the Snyder column. Concentrate the extract, as
described in Paragraph 7.11, raising the temperature of the water bath, if
necessary, to maintain proper distillation.

7.13 Remove the Snyder column and rinse the flask and its lower joints
into the concentrator tube with 1-2 mL of methylene chloride or exchange
solvent. If sulfur crystals are a problem, proceed to Method 3660 for
cleanup. The extract may be further concentrated by using the technique
outlined in Paragraph 7.14 or adjusted to 10.0 mL with the solvent last used.

7.14 If further concentration is indicated in Table 1, add another clean
boiling chip to the concentrator tube and attach a two-ball micro Snyder
column. Prewet the column by adding 0.5 mL of methylene chloride or exchange
solvent to the top of the column. Place the K-D apparatus in a hot water bath
so that the concentrator tube is partially immersed in the hot water. Adjust
the vertical position of the apparatus and the water temperature, as required,
to complete the concentration in 5-10 min. At the proper rate of distillation
the balls of the column will actively chatter, but the chambers will not
flood. When the apparent volume of 1liquid reaches 0.5 mL, remove the K-D
apparatus from the water bath and allow it to drain and cool for at least 10
min. Remove the Synder column and rinse the flask and its lower joints into
the concentrator tube with 0.2 mL of extraction solvent. Adjust the final
volume to 1.0-2.0 mL, as indicated in Table 1, with solvent.
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7.15 The extract obtained (from either Paragraph 7.13 or 7.14) may now
be analyzed for analyte content using a variety of organic techniques. If
analysis of the ‘extract will not be performed immediately, stopper the
concentrator tube and store refrigerated. If the extract will be stored
Tonger than 2 days, it should be transferred to a Teflon-sealed screw-cap vial
and labeled appropriately. . .

8.0 QUALITY CONTROL

8.1 Any reagent blanks or matrix spike samples should be subjected to
exactly the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and sample preparation procedures.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Estab11sh1ng Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final
Rule and Proposed Ru]e," October 26, 1984,
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METHOD 3520
CONTINUOUS LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 This method describes a procedure for isolating organic compounds
from aqueous samples. The method also describes concentration techniques

sujtable for preparing the extract for the appropriate determinative steps
described in Section 4.3 of Chapter Four.

1.2 This method is applicable to the isolation and concentration of
water-insoluble and slightly soluble organics in preparation for a variety of
chromatographic procedures.

1.3 Method 3520 is designed for extraction solvents with greater density
than the sample. Continuous extraction devices are available for extraction
solvents that are less dense than the sample. The analyst must demonstrate

the effectiveness of any such automatic extraction dev1ce before employing it
in sample extraction.

2.0 SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 1liter, 1is placed into a
continuous liquid-liquid extractor, adjusted, if necessary, to a specific pH
(see Table 1), and extracted with organic solvent for 18-24 hr. The extract
is dried, concentrated, and, as necessary, exchanged into a solvent compatible
with the determinative step being employed.

3.0 INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4,1 Continuous liquid-liquid extractor: Equipped with Teflon or glass
connecting joints and stopcocks requiring no 1lubrication (Hershberg-Wolf

Extractor -- Ace Glass Company, Vineland, New Jersey, P/N 6841-10, or
equivalent). :

4.2 Drying column: 20-mm I.D.. Pyrex chromatographic column with Pyrex
glass wool at bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly

contaminated extracts have been passed through. Columns without frits

may be purchased. Use a small pad of Pyrex glass wool to retain the

adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by

50 mL of elution solvent prior to packing the column with adsorbent.
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TABLE 1. SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS
Exchange Exchange ~ Volume Final
C ‘ : solvent solvent of extract extract
Initial Secondary required required required volume
Determninative extraction extraction for for for for
method pH - pH analysis . cleanup cleanup (mL) analysis (mlL)
840 <2 none, 2-propanol hexane . . 140 . 1.0, 10.0%
8060 as received none hexane hexane 2.0 : 10.0
8080 59 none hexane hexane 10.0 - 10.0
8090 5-9 none . hexane hexane 2.0 , 1.0
8100 as received none none cyclohexane 2.0 ' 1.0
8120 as received none hexane hexane . 2.0 1.0
8140b .68 none. - . hexane ~ hexane 10.0 © 100
8250b >l <2 none - o= : 1.0
70 ol <2 none C- - : 1.0

810 as received none - - - acetonitrile , - .- 1.0

%Phenols may be analyzed, by Method 8040, using a 1.0 mL-2-propanol extract by GC/FID. Method 8040 also
contains an optional derivatization procedure for phenols which results in a 10 mL hexane extract to be

analyzed by GC/ECD.

'Ihe specificity of GC/MS may make cleanup of the extracts mneoessary Refer to Method 3600 for guidance on
the cleanup procedures available if. required. . ‘
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4.3 Kuderna-Danish (K-D) apparatus:

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or
equivalent). Ground-glass stopper 1is used to prevent evaporation of
extracts.

4,3.2 Evaporation flask: 500-mL  (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs.

4.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent).

4,3.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or
equivalent).

4.4 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 Water bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4,6 Vials: Glass, 2-mL capacity, with Teflon-lined screw cap.

4.7 pH indicator paper: pH range including the desired extraction pH.

4.8 Heating mantle: Rheostat controlled.

4.9 Syringe: 5-mL.
4.10 Graduated cylinder: 1-liter.

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as water in which an

interferent is not observed at the method detection limit of the compounds of
interest.

5.2 Sodium hydroxide solution, 10 N: (ACS) Dissolve 40 g NaOH in
reagent water and dilute to 100 mL.

5.3 Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at
400°C for 4 hr in a shallow tray).

5.4 Sulfuric acid solution (1:1): Slowly add 50 mL of H2SO4 (sp. gr.
1.84) to 50 mL of reagent water.

5.5 Extraction/exchange solvent: Methylene chloride, hexane, 2-
propanol, cyclohexane, acetonitrile (pesticide quality or equivalent).
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1,

7.0 PROCEDURE

7.1 Using a graduated cylinder, measure out 1 liter (nominal) of sample
and transfer it to the continuous extractor. Check the pH of the sample with
wide-range pH paper and adjust the pH, if necessary, to the pH indicated in
Table 1. Pipet 1.0 mL of the surrogate standard spiking solution into each
sample into the extractor and mix well. (See Method 3500 for details on the
surrogate standard solution and the matrix spike solution.) For the sample in
each analytical batch selected for spiking, add 1.0 mL of the matrix spiking
standard. For base/neutral-acid analysis, the amount of the surrogates and
matrix spiking compounds added to the sample should result in a final
concentration of 100 ng/uL of each base/neutral analyte and 200 ng/uL of each
acid analyte in the extract to be analyzed (assuming a 1 ulL injection). If
Method 3640, Gel-permeation cleanup, is to be used, add twice the volume of
surrogates and matrix spiking compounds since half the extract is lost due to
loading of the GPC column.

7.2 Add 300-500 mL of methylene chloride to the distilling flask. Add
several boiling chips to the flask.

7.3 Add sufficient reagent water to the extractor to .ensure proper
operation and extract for 18-24 hr.

7.4 Allow to cool; then detach the boiling flask. If extraction at a
secondary pH 1is not required (see Table 1), the extract is dried and
concentrated as described in Section 7.7 through 7.11.

7.5 Carefully, while stirring, adjust the pH of the aqueous phase to 2
with sulfuric acid (1:1). Attach a clean distilling flask containing 500 mL
of methylene chloride to the continuous extractor. Extract for 18-24 hr,
allow to cool, and detach the distilling flask.

7.6 If performing GC/MS analysis (Method 8250 or 8270), the acid and
base/neutral extracts may be combined prior to concentration. However, in
some situations, separate concentration and analysis of the acid and
base/neutral extracts may be preferable (e.g., if for regulatory purposes the
presence or absence of specific acid or base/neutral compounds at low

concentrations must be determined, separate extract analyses may be
warranted).

7.7 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.

7.8 Dry the extract by passing it through a drying column containing
about 10 cm of anhydrous sodium sulfate. Collect the dried extract in a K-D
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concentrator. Rinse the flask which contained the solvent extract with 20-30
mL of methylene chloride and add it to the column to complete the quantitative
transfer.

7.9 Add one or two clean boiling chips to the flask and attach a three-
ball Snyder column. Prewet the Snyder column by adding about 1 mL of
methylene chloride to the top of the column. Place the K-D apparatus on a hot
water bath (80-90°C) so that the concentrator tube is partially immersed in
the hot water and the entire lower rounded surface of the flask is bathed with
hot vapor. Adjust the vertical position of the apparatus and the water
temperature, as required, to complete the concentration in 10-20 min. At the
proper rate of distillation, the balls of the column will actively chatter,
but the chambers will not flood. When the apparent volume of liquid reaches
1 mL, remove the K-D apparatus from the water bath and allow it to drain and
cool for at least 10 min. Remove the Snyder column and rinse the flask and
its lower joints into the concentrator tube with 1-2 mL of extraction solvent.

7.10 If a solvent exchange is required (as indicated in Table 1),
momentarily remove the Snyder column, add 50 mL of the exchange solvent, a new
boiling chip, and re-attach the Snyder column. Concentrate the extract, as
described in Paragraph 7.9, raising the temperature of the water bath, if
necessary, to maintain proper distillation.

7.11 Remove the Snyder column and rinse the flask and its lower joints
into the concentrator tube with 1-2 mL of methylene chloride or exchange
solvent. If sulfur crystals are a problem, proceed to Method 3660 for
cleanup. The extract may be further concentrated by using the technique
outlined in Paragraph 7.12 or adjusted to 10.0 mL with the solvent last used.

7.12 Add another one or two clean boiling chips to the concentrator tube
and attach a two-ball micro Snyder column. Prewet the column by adding 0.5 mL
of methylene chloride or exchange solvent to the top of the column. Place the
K-D apparatus in a hot water bath so that the concentrator tube is partially
immersed in the hot water. Adjust the vertical position of the apparatus and
the water temperature, as required, to complete the concentration in 5-10 min.
At the proper rate of distillation, the balls of the column will actively
chatter, but the chambers will not flood. When the apparent volume of liquid
reaches 0.5 mL, remove the K-D apparatus from the water bath and allow it to
drain and cool for at least 10 min. Remove the Synder column, rinse the flask
and its lower joints into the concentrator tube with 0.2 mL of methylene
chloride or exchange solvent, and adjust the final volume to 1.0-2.0 mL, as
indicated in Table 1, with solvent.

7.13 The extracts obtained may now be analyzed for analyte content using
a variety of organic techniques (see Section 4.3 of this chapter). If
analysis of the extract will not be performed immediately, stopper the
concentrator tube and store refrigerated. If the extract will be stored

Tonger than 2 days, it should be transferred to a Teflon-sealed screw-cap vial
and labeled appropriately.
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8.0 QUALITY CONTROL

8.1 Any reagent blanks or matrix spike samples should be subjected to
exactly the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and samp]e -preparation procedures.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data. -

10.0 REFERENCES

1. 'U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; F1na1 Rule and Interim Final
Rule and Proposed Ru]e," October 26, 1984.- -
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METHOD 3540
SOXHLET EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 Method 3540 is a procedure for extracting nonvolatile and semi-
volatile organic compounds from solids such as soils, sludges, and wastes.
The Soxhlet extraction process ensures intimate contact of the sample matrix
with the extraction solvent.

1.2 This method is applicable to the isolation and concentration of
water-insoluble and slightly water-soluble organics in preparation for a
variety of chromatographic procedures.

2.0 SUMMARY OF METHOD

2.1 The solid sample is mixed with anhydrous sodium sulfate, placed in
an extraction thimble or between two plugs of glass wool, and extracted using
an appropriate solvent in a Soxhlet extractor. The extract is then dried,
concentrated, and, as necessary, exchanged into a solvent compatible with the
cleanup or determinative step being employed.

3.0 INTERFERENCES

3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4,1 Soxhlet extractor: 40-mm I.D., with 500-mL round-bottom flask.

4.2 Drying column: 20-mm I.D. Pyrex chromatographic column with Pyrex
glass wool at bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly

contaminated extracts have been passed through. Columns without frits

may be purchased. Use a small pad of Pyrex glass wool to retain the

adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by

50 mL of elution solvent prior to packing the column with adsorbent.

4.3 Kuderna-Danish (K-D) apparatus:

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or

equivalent). Ground-glass stopper 1is used to prevent evaporation of
extracts. '

4,3.2 Evaporation flask: 500-mL  (Kontes  K-570001-500 or
equivalent). Attach to concentrator tube with springs.
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4.3.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent).

. 4.3.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or
equivalent).

4.4 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.5 Water bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.6 Vials: Glass, 2-mL capacity, with Teflon-lined screw cap.

4.7 Glass or paper thimble or glass wool: Contaminant free.

4.8 Heating mantle: Rheostat controlled.

4.9 Syringe: 5-mL.

4.10 Apparatus for determining percent moisture:
4.10.1 Oven: Drying. |
4,10.2 Desiécator.

4,10.3 Crucibles: ?orce]ain.

4,11 Apparatus for grinding: If the sample will not pass through a 1-mm
standard sieve or cannot be extruded through a 1-mm opening, it should be
processed into a homogeneous sample that meets these requirements. Fisher
Mortar Model 155 Grinder, Fisher Scientific Co., Catalogue Number 8-323, or an
equivalent brand and model, 1is recommended for sample processing. This
grinder]should handle most solid samples, except gqummy, fibrous, or oily
materials. ~

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as water in which an
interferent is not observed at the method detection 1limit of the compounds of
interest. .

5.2 Sodium sulfate: (ACS) Granular ‘anhydrous (purified by washing with
methylene chloride followed by heating at 400°C for 4 hr in a shallow tray).

5.3 Extraction solvents:

5.3.1 Soil/sediment and aqueous sludge samples shall be extracted
using either of the following solvent systems.
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5.3.1.1 Toluene/Methanol: 10:1 (v/v), pesticide quality or
equivalent.

5.3.1.2 Acetone/Hexane: 1:1 (v/v), pesticide quality or
equivalent.

5.3.2 Other samples shall be extracted using the following:
5.3.2.1 Methylene chloride: pesticide quality or equivalent.

5.4 Exchange solvents: Hexane, 2-propanol, cyclohexane, acetonitrile
(pesticide quality or equivalent).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.

7.0 PROCEDURE

7.1 Sample handling:

7.1.1 Sediment/soil samples: Decant and discard any water layer on
a sediment sample. Mix sample thoroughly, especially composited samples.
Discard any foreign objects such as sticks, leaves, and rocks.

7.1.2 Waste samples: Samples consisting of multiphases must be
prepared by the phase separation method in Chapter Two before extraction.
This procedure is for solids only.

7.1.3 Dry waste samples amenable to grinding: Grind or otherwise
subdivide the waste so that it either passes through a 1-mm sieve or can
be extruded through a 1-mm hole. Introduce sufficient sample into the
grinding apparatus to yield at least 10 g after grinding.

7.2 Determination of percent moisture: In certain cases, sample results
are desired based on a dry-weight basis. When such data is desired, a portion
of sample for moisture determination should be weighed out at the same time as
the portion used for analytical determination, '

7.2.1 Immediately after weighing the sample for extraction, weigh
5-10 g of the sample into a tared crucible. Determine the percent
moisture by drying overnight at 105°C. Allow to cool in a desiccator
before weighing:

g of sample - g of dry sample
g of sample

X 100 = % moisture
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7.3 Blend 10 g of the solid sample with 10 g of anhydrous sodium sulfate
and place in an extraction thimble. The extraction thimble must drain freely
for the duration of the extraction period. A glass wool plug above and below
the sample in the Soxhlet extractor is an acceptable alternative for the
thimble. Add 1.0 mL of the surrogate standard spiking solution onto the
sample (See Method 3500 for details on the surrogate standard and matrix
spiking solutions.) For the sample in each analytical batch selected for
spiking, add 1.0 mL of the matrix spiking standard. For base/neutral-acid
analysis, the amount added of the surrogates and matrix spiking compounds
should result in a final concentration of 100 ng/uL of each base/neutral
analyte and 200 ng/uL of each acid analyte in the extract to be analyzed
(assuming a 1 uL injection). If Method 3640, Gel-permeation cleanup, is to be
used, add twice the volume of surrogates and matrix spiking compounds since
half the extract is lost due to loading of the GPC column.

7.4 Place 300 mL of the extraction solvent (Section 5.3) into a 500-mL
round-bottom flask containing one or two clean boiling chips. Attach the
flask to the extractor and extract the sample for 16-24 hr,

7.5 Allow the extract to cool after the extraction is complete.

7.6 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask. '

7.7 Dry the extract by passing it through a drying column containing
about 10 cm of anhydrous sodium sulfate. Collect the dried extract in a K-D
concentrator. Wash the extractor flask and sodium sulfate column with
100-125 mL of extraction solvent to complete the quantitative transfer.

7.8 Add one or two clean boiling chips to the flask and attach a three-
ball Snyder column. Prewet the Snyder column by adding about 1 mL of
methylene chloride to the top of the column. Place the K-D apparatus on a hot
water bath (15-20°C above the boiling point of the solvent) so that the
concentrator tube is partially immersed in the hot water and the entire Tower
rounded surface of the flask is bathed with hot vapor. Adjust the vertical
position of the apparatus and the water temperature, as required, to complete
the concentration in 10-20 min. At the proper rate of distillation, the balls
of the column will actively chatter, but the chambers will not flood. When

the apparent volume of liquid reaches 1 mL, remove the K-D apparatus from the
water bath and allow it to drain and cool for at least 10 min.

7.9 If a solvent exchange is required (as indicated in Table 1),
momentarily remove the Snyder column, add 50 mL of the exchange solvent and a
new boiling chip, and re-attach the Snyder column. Concentrate the extract as
described in Paragraph 7.6, raising the temperature of the water bath, if
necessary, to maintain proper distillation.

7.10 Remove the Snyder column and rinse the flask and its lower joints
into the concentrator tube with 1-2 mL of methylene chloride or exchange
solvent. If sulfur crystals are a problem, proceed to Method 3660 for
cleanup. The extract may be further concentrated by using the technique
outlined in Paragraph 7.9 or adjusted to 10.0 mL with the solvent last used.
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TABLE 1. SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS
Exchange Exchange Volume Final
solvent solvent of extract extract
required required required volume

Determinative Extraction for for for for
method pH analysis cleanup cleanup (mlL) analysis (mL)

80402 as received  2-propamol hexane 1.0 1.0, 10.0°

8060 as received hexane ‘hexane 2.0 10.0

080 as received hexane hexane 10.0 10.0

8090 as received hexane hexane 2.0 1.0

8100 as received none cyclohexane 2.0 1.0

8120 as received hexane hexane 2.0 1.0

8140 as received hexane hexane 10.0 10.0

BZSOa,c as received none - - 1.0

& 70a,c as received none - - 1.0

810 as received acetonitrile - - 1.0

®lo obtain separate acid and base/neutral extracts, Method 3650 should be performed following
concentration of the extract to 10.0 mL.

bPhenols may be analyzed, by Method 8040, using a 1.0 mL 2-propanol extract by GC/FID. Method 8040
also contains an optional derivatization procedure for phenols which results in a 10 mL hexane
extract to be analyzed by GC/ECD.

c’I‘he specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for
guidance on the cleanup procedures available if required.
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7.11 If further concentration is indicated in Table 1, add another one
or two clean boiling chips to the concentrator tube and attach a two-ball
micro Snyder column. Prewet the column by adding 0.5 mL of methylene chloride
or exchange solvent to the top of the column. Place the K-D apparatus in a
hot water bath so that the concentrator tube is partially immersed in the hot
water. Adjust the vertical position of the apparatus and the water
temperature, as required, to complete the concentration in 5-10 min. At the
proper rate of distillation the balls of the column will actively chatter, but
the chambers will not flood. When the apparent volume of liquid reaches
0.5 mL, remove the K-D apparatus from the water bath and allow it to drain and
cool for at least 10 min. Remove the Snyder column and rinse the flask and
its lower joints into the concentrator tube with 0.2 mL of solvent. Adjust
the final volume to 1.0-2.0 mL, as indicated in Table 1, with solvent.

7.12 The extracts obtained may now be analyzed for analyte content using
a variety of organic techniques (see Section 4.3 of this chapter). If
analysis of the extract will not be performed immediately, stopper the
concentrator tube and store refrigerated. If the extract will be stored

longer than 2 days, it should be transferred to a Teflon-sealed screw-cap vial
and labeled appropriately.

8.0 QUALITY CONTROL

8.1 Any reagent blanks or matrix spike samples should be subjected to
exactly the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and
Method 3500 for extraction and sample preparation procedures.

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES o

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final
Rule and Proposed Rule," October 26, 1984,
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METHOD 3550
SONICATION EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 Method 3550 is a procedure for extracting nonvolatile and semi-
volatile organic compounds from solids such as soils, sludges, and wastes.
The sonication process ensures intimate contact of the sample matrix with the
extraction solvent.

1.2 The method is divided into two sections, based on the expected
concentration of organics in the sample. The 1low concentration method
(individual organic components of {20 mg/kg) uses a larger sample size and a
more rigorous extraction procedure (lower concentrations are more difficult to
extract). The high concentration method (individual organic components of
220 mg/kg) is much simpler and therefore faster.

1.3 It is highly recommended that the extracts be cleaned up prior to
analysis. See Cleanup, Section 4.2.2 of Chapter Four, for applicable methods.

2.0 SUMMARY OF METHOD

2.1 Low concentration method: A 30-g sample 1is mixed with anhydrous
sodium sulfate to form a free-flowing powder. This is solvent extracted three
times using sonication. The extract is separated from the sample by vacuum
filtration or centrifugation. The extract 1is ready for cleanup and/or
analysis following concentration.

2.2 High concentration method: A 2-g sample is mixed with anhydrous
sodfum sulfate to form a free-flowing powder. This is solvent extracted once

using sonication. A portion of the extract is removed for cleanup and/or
analysis.

3.0 INTERFERENCES
3.1 Refer to Method 3500.

4.0 APPARATUS AND MATERIALS

4.1 Apparatus for grinding: If the sample will not pass through a 1-mm
standard sieve or cannot be extruded through a 1-mm opening, it should be
processed into a homogeneous sample that meets these requirements. Fisher
Mortar Model 155 Grinder, Fisher Scientific Co., Catalogue Number 8-323, or an
equivalent brand and model, 1is recommended for sample processing. This
grind:r]should handle most solid samples, except gummy, fibrous, or oily
materials.
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4.2 Sonication: A horn-type sonicator equipped with a titanium tip
should be used. The following sonicator, or an equivalent brand and model, 1is
recommended: S , :

Ultrasonic cell disrupter: Heat Systems - Ultrasonics, Inc., Model
W-385 (475 watt) sonicator or equivalent (Power wattage must be a
minimum of 375 with pulsing capability and No. 200 1/2" Tapped
Disrupter Horn) plus No. 207 3/4" ‘Tapped Disrupter Horn, and No. 419
1/8" Standard Tapered microtip probe.

4.3 Sonabox: Recommended  with - above disrupters for decreasing
cavitation sound (Heat Systems - Ultrasonics, Inc., Model 432B or
equivalent). T

4.4 Apparatus for determintng bercent moisture:

4.4.1 Oven: Drying.
4.4.2 Desiccator.

4.4,3 Crucibles: Porcelain.

4,5 Pasteur g]ass pipets:: Disposable, 1-mL.
4.6 Beakers 400-mL. {

4.7 Vacuum filtration apparatus: . -

4.7.1 Buchner funnel.
4.7.2 Filter paber: Whatman'No. 41 or equivalent.
4.8 Kuderna-Danish (K- D) apparatus. ‘

4.8.1 Concentrator tube 10 mL graduated (Kontes K-570050-1025 or
equivalent).

4.8.2 Evaporator flask: 500-mL (Kontes  K-570001-0500 or
equivalent).

4.8.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent). , o :

4.8.4 Snyder - column: - Two-ball micro (Kontes K-569001-0219 or
equivalent). SRR . _

4.9 Boiling chips: Solvent extraEted, approximately 10/40 mesh (silicon
carbide or equivalent). SR - .

4,10 Water bath: Heated with cohcentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.
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4,11 Balance: Top-loading, capable of accurately weighing 0.01 g.

4.12 Vials and caps: 2-mL for GC auto-sampler.

4,13 Glass scintillation vials: At least 20-mL, with screw-cap and
Teflon or aluminum foil liner.

4,14 Spatula: Stainless steel or Teflon.

4,15 Drying column: 20-mm I.D. Pyrex chromatographic column with Pyrex
glass wool at bottom and a Teflon stopcock.

NOTE: Fritted glass discs are difficult to decontaminate after highly

contaminated extracts have been passed through. Columns without frits

may be purchased. Use a small pad of Pyrex glass wool to retain the

adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by

50 mL of elution solvent prior to packing the column with adsorbent.

4.16 Syringe: 5-mL.

5.0 REAGENTS

5.1 Sodium sulfate: Anhydrous and reagent grade, heated at 400°C for
4 hr, cooled in a desiccator, and stored 1in a glass bottle. Baker anhydrous
powder, catalog #73898, or equivalent.

5.2 Extraction solvents: Methylene chloride:acetone (1:1, v:v),
methylene chloride, hexane (pesticide quality or equivalent).

5.3 Exchange solvents: Hexane, 2-propanol, cyclohexane, acetonitrile
(pesticide quality or equivalent).

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.

7.0 PROCEDURE

7.1 Sample handling:

7.1.1 Sediment/soil samples: Decant and discard any water layer on
a sediment sample. Mix sample thoroughly, especially composited samples.
Discard any foreign objects such as sticks, leaves, and rocks.

7.1.2 Waste samples: Samples consisting of multiphases must be
prepared by the phase separation method in Chapter Two before extraction.
This procedure is for solids only.
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7.1.3 Dry waste samples amenable to grinding: Grind or otherwise
subdivide the waste so that it either passes through a 1-mm sieve or can
be extruded through a 1-mm hole. Introduce sufficient sample into the
grinding apparatus to yield at least 10 g after grinding.

7.2 Determination of percent moisture: In certain cases, sample results
are desired based on a dry-weight basis. When such data is desired, a portion
of sample for moisture determination should be weighed out at the same time as
the portion used for analytical determination.

7.2.1 Immediately after weighing the sample for extraction, weigh
- 5-10.g of the sample into a tared crucible. Determine the percent

moisture by drying overnight at 105°C. Allow to cool in a desiccator
before weighing:

q of sample - g of dry samp]e

g of sample x 100 = % moisture

7.3 Determination of pH (if required): Transfer 50 g of sample to a
100-mL beaker. Add 50 mL of water and stir for 1 hr, Determine the pH of

sample with glass electrode and pH meter while stirring. Discard this portion
of sample.

7.4 Extraction method for samples expected to contain low concentrations
of organics and pesticides ({20 mg/kg):

7.4.1 The following step should be performed rapidly to avoid loss
of the more volatile extractables. Weigh approximately 30 g of sample
into a 400-mL beaker. Record the weight to the nearest 0.1 g. Non-
porous or wet samples (gummy or clay type) that do not have a free-
flowing sandy texture must be mixed with 60 g of anhydrous sodium sulfate
using a spatula. The sample should be free-flowing at this point. Add
1 mL of surrogate standards to all samples, spikes, and blanks (see
Method 3500 for details on the surrogate standard solution and the matrix
spike solution). For the sample in each analytical batch selected for
spiking, add 1.0 mL of the matrix spiking standard. For base/neutral-
acid analysis, the amount added of the surrogates and matrix spiking
compounds should result in a final concentration of 100 ng/uL of each
base/neutral analyte and 200 ng/uL of each acid analyte in the extract to
be ana]yzed (assuming a 1 uL injection). If Method 3640, Gel-permeation
cleanup, is to be used, add twice the volume of surrogates and matrix
spiking compounds since half of the extract is lost due to loading of the
GPC column. Immediately add 100 mL of 1:1 methylene chloride:acetone.

7.4.2 Place the bottom surface of the tip of the #207 3/4 in.
disruptor horn about 1/2 in. below the surface of the solvent, but above
the sediment layer.

7.4.3 Sonicate for 3 mih, with output control knob set at 10 and

with mode switch on Pulse and percent-duty cycle knob set at 50%. Do NOT
use microtip probe.
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7.4.4 Decant and filter extracts through Whatman No. 41 filter
paper using vacuum filtration or centrifuge and decant extraction
solvent.

7.4.5 Repeat the extraction two or more times with two additional
100-mL portions of solvent. Decant off the extraction solvent after each
sonication. On the final sonication, pour the entire sample into the
Buchner funnel and rinse with extraction solvent.

7.4.6 Assemble a Kuderna-Danish (K-D) concentrator by attaching a
10-mL concentrator tube to a 500-mL evaporative flask.

7.4.7 Dry the extract by passing it through a  drying column
containing about 10 cm of anhydrous sodium sulfate. Collect the dried
extract in a K-D concentrator. Wash the extractor flask and sodium
sulfate column with 100-125 mL of extraction solvent to complete the
quantitative transfer.

7.4.8 Add one or two clean boiling chips to the evaporative flask
and attach a three-ball Snyder column. Prewet the Snyder column by
adding about 1 mL methylene chloride to the top. Place the K-D apparatus
on a hot water bath (80-90°C) so that the concentrator tube is partially
immersed in the hot water and the entire lower rounded surface of the
flask is bathed with hot vapor. Adjust the vertical position of the
apparatus and the water temperature, as required, to complete the
concentration in 10-15 min. At the proper rate of distillation the balls
of the column will actively chatter, but the chambers will not flood with
condensed solvent. When the apparent volume of 1liquid reaches 1 mL,

remove the K-D apparatus and allow it to drain and cool for at least
10 min.

7.4.9 If a solvent exchange is required (as indicated in Table 1),
momentarily remove the Snyder column, add 50 mL of the exchange solvent
and a new boiling chip, and re-attach the Snyder column. Concentrate the
extract as described in Paragraph 7.4.8, raising the temperature of the
water bath, if necessary, to maintain proper distillation.

7.4.10 Remove the Snyder column and rinse the flask and its lower
Jjoints into the concentrator tube with 1-2 mL of methylene chloride or
exchange solvent. If sulfur crystals are a problem, proceed to Method
3660 for cleanup, The extract may be further concentrated by using the

technique outlined in Paragraph 7.4.11 or adjusted to 10.0 mL with the
solvent last used.

7.4.11 Add a clean boiling chip and attach a two-ball micro-Snyder
column to the concentrator tube. Prewet the column by adding approxi-
mately 0.5 mL of methylene chloride or exchange solvent through the top.
Place the apparatus in the hot water bath. Adjust the vertical position
and the water temperature, as required, to complete the concentration in
5-10 min. At the proper rate of distillation, the balls of the column
will actively chatter, but the chambers will not flood. When the liquid
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TABLE 1. SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS
Exchange Exchange Volume Final
solvent solvent of extract extract
required required required volume

Determinative Extraction for for for for
method pH analysis cleanup cleanup (mL) analysis (mL)

8040 as received 2-propanol hexane 1.0 1.0, 10 .Ob

8060 as received hexane hexane 2.0 10.0

080 as received hexane hexane 10.0 10.0

8090 as received hexane hexane 2.0 1.0

8100 as received none cyclohexane 240 1.0

8120 as received hexane hexane 2.0 1.0

8140a c as received hexane hexane 10.0 10.0

807, as received none - - 1.0

2702 , ¢ as received - none - - 1.0

. 810 as received acetonitrile - - 1.0

a‘l‘o obtain separate acid and base/neutral extracts, Method 3650 should be performed following
concentration of the extract to 10.0 mL.

b .
Phenols may be analyzed, by Method 8040, using a 1.0 mL 2-propanol extract by GC/FID. Method 8040
also contains an optional derivatization procedure for phenols which results in a 10 mL hexane

extract to be analyzed by GC/ECD.

c’Ihe specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for
guidance on the cleamup procedures available if required.
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reaches an apparent volume of approximately 0.5 mL, remove the apparatus
from the water bath and allow to drain and cool for at least 10 min.
Remove the micro-Snyder column and rinse its Jlower joint into the
concentrator tube with approximately 0.2 mL of appropriate solvent.
Adjust the final volume to the volume required for cleanup or for the
determinative method (see Table 1).

7.4.12 Transfer the concentrated extract to a clean screw-cap vial.
Seal the vial with a Teflon-lined 1id and mark the level on the vial.

Label with the sample number and fraction and store in the dark at 4°C
until ready for analysis or cleanup.

7.5 Extraction method for samples expected to contain high concen-
trations of organics ()20 mg/kg):

7.5.1 Transfer approximately 2 g (record weight to the nearest
0.1 g) of sample to a 20-mL vial. Wipe the mouth of the vial with a
tissue to remove any sample material. Record the exact weight of sample

taken. Cap the vial before proceeding with the next sample to avoid any
cross contamination.

7.5.2 Add 2 g of anhydrous sodium ‘'sulfate to sample in the 20-mL
vial and mix well.

7.5.3 Surrogate standards are added to all samples, s